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(54) ENGINE CONTROL METHOD AND CONTROL DEVICE THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To ensure startup 
property, transient responsiveness or the like in the 
wide range of an operation area by memorizing the 
combustion rate value at a specified crank angle as 
map data of a target combustion rate value and 
advancing or delaying an ignition timing based on the 
comparison between the detection value of the 
combustion rate and the target combustion rate 
value. 

SOLUTION: When an engine operation state is 
controlled, the operation state is judged from various 
sensor information or the like imported in a controller 
12, and a value corresponding the variable in the 
memory is input in response to this state. For 

example, while in a certain acceleration state at a middle/high engine speed and at a 
middle/high speed load or while in loose acceleration operation state, 1 is memorized for 
variable, when the variation rate of a throttle opening is a specified value or more, 2 is 
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memorized for variable. According to these variables, the target combustion, rate according 
to the engine speed and load is obtained, the ignition timing is advanced or delayed based 
on the comparison between the detection value of the actual combustion rate up to a 
specified crank angle and the target combustion rate value, and the ignition timing is 
controlled. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The combustion condition that correspond to at least one side among a load or an engine 
speed, and desired operational status is acquired is acquired. Among a load or an engine speed, while 
holding a combustion rate value [ in / the time of this combustion condition / a predetermined crank 
angle ] in memory as map data of the target combustion rate value at least corresponding to one side 
the actual combustion rate to said predetermined crank angle — detecting — the comparison with the 
detection value of this combustion rate, and said target combustion rate value — being based — the 
direction of said detection value — smallness — a time — a fire stage ~ advancing — the direction of a 
detection value — size — a time — a fire stage — delaying ~ as ~ The control approach of the engine 
characterized by controlling ignition timing. 

[Claim 2] The actual combustion rate to said predetermined crank angle The crank angle of a before 
[ from after the termination like an exhaust air line / the early stages of a compression stroke ], and 
the crank angle from compression stroke initiation to ignition initiation, The control approach of the 
engine according to claim 1 characterized by detecting the firing pressure in at least four crank 
angles which an exhaust air line becomes from two crank angles in the period to initiation from 
ignition initiation, and making it compute based on these firing-pressure data. 
[Claim 3] The combustion condition that correspond to at least one side among a load or an engine 
speed, and desired operational status is acquired is acquired. Among a load or an engine speed, while 
holding in memory the crank angle value which reaches a predetermined combustion rate value in 
this combustion condition as map data of the crank angle value at least corresponding to one side 
Detect the actual crank angle which reaches said predetermined combustion rate value, and it is 
based on the comparison with the detection value of this crank angle, and a target crank angle value. 
The control approach of the engine characterized by controlling ignition timing to delay ignition 
timing when becoming the crank angle to which ignition timing was advanced and the direction of a 
detection value progressed when becoming the crank angle which was in the direction of said 
detection value. 

[Claim 4] The actual crank angle which reaches said predetermined combustion rate value The crank 
angle of a before [ from after the termination like an exhaust air line / the early stages of a 
compression stroke ], and the crank angle from compression stroke initiation to ignition initiation, 
The control approach of the engine according to claim 3 characterized by detecting the firing 
pressure in at least four crank angles which an exhaust air line becomes from two crank angles in the 
period to initiation from ignition initiation, and making it compute based on these firing-pressure 
data. 

[Claim 5] An operational status detection means including an engine-speed detection means, a crank 
angle detection means, and a combustion pressure detection means, The data storage holding target 
status value, and the status value calculation program which computes actual status value from the 
information from said each detection means, The program storage holding the control value 
calculation program which computes the control value of ignition timing based on the comparison 
with the computed status value and the target status value held at said data storage, The control unit 
of the engine characterized by having the ignition lit based on the control value of ignition timing, 
and controlling the following ignition timing of A or B. 

A. The actual combustion rate to a predetermined crank angle The crank angle of a before [ from 
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after the termination like an exhaust air line / the early stages of a compression stroke ], and the 
crank angle from compression stroke initiation to ignition initiation, The firing pressure in at least 
four crank angles which an exhaust air line becomes from two crank angles in the period to initiation 
is detected from ignition initiation, these firing-pressure data — being based — computing — making - 

- the comparison with the detection value of a combustion rate, and said target combustion rate value 

— being based — the direction of said detection value — smallness — a time — a fire stage — 
advancing — the direction of a detection value — size a time — a fire stage — delaying — as — 
ignition timing ~ controlling . 

B. The actual crank angle which reaches a predetermined combustion rate value The crank angle of a 
before [ from after the termination like an exhaust air line / the early stages of a compression 
stroke ], and the crank angle from compression stroke initiation to ignition initiation, The firing 
pressure in at least four crank angles which an exhaust air line becomes from two crank angles in the 
period to initiation is detected from ignition initiation. Make it compute based on these firing- 
pressure data, and it is based on the comparison with the detection value of a crank angle, and a 
target crank angle value. When becoming the crank angle which was in the direction of said 
detection value, ignition timing is advanced, and when becoming the crank angle to which the 
direction of a detection value progressed, ignition timing is controlled to delay ignition timing. 
[Claim 6] The combustion condition that correspond to at least one side among a load or an engine 
speed, and desired operational status is acquired is acquired. Among a load or an engine speed, while 
holding a combustion rate value [ in / the time of this combustion condition / a predetermined crank 
angle ] in memory as map data of the target combustion rate value at least corresponding to one side 
Detect the actual combustion rate to said predetermined crank angle, and it is based on the 
comparison with the detection value of this combustion rate, and said target combustion rate value, 
the direction of said detection value — smallness — the time — a fuel-injection initiation stage — 
advancing — the direction of a detection value size — the time — a fuel-injection initiation stage — 
delaying - as — a fuel-injection initiation stage - controlling — things - the description - carrying 
out — a diesel power plant — it can set — an engine — the control approach. 

[Claim 7] The combustion condition that correspond to at least one side among a load or an engine 
speed, and desired operational status is acquired is acquired. Among a load or an engine speed, while 
holding in memory the crank angle value which reaches a predetermined combustion rate in this 
combustion condition as map data of the target crank angle value at least corresponding to one side 
Detect the actual crank angle which reaches said predetermined combustion rate value, and it is 
based on the comparison with the detection value of this crank angle, and said target crank angle 
value. The control approach of the engine in the diesel power plant characterized by controlling a 
fuel-injection initiation stage so that it sets forward a fuel-injection initiation stage when becoming 
the crank angle which was in the direction of said detection value, and a fuel-injection initiation 
stage may be delayed, when becoming the crank angle to which the direction of a detection value 
progressed. 

[Claim 8] The combustion condition that desired operational status is acquired among a load or an 
engine speed at least corresponding to one side is acquired. Each combustion rate value in two or 
more predetermined crank angles in this combustion condition as map data of two or more target 
combustion rate values to said two or more predetermined crank angles While holding in memory 
among a load or an engine speed at least corresponding to one side The actual combustion rate to an 
early predetermined crank angle is detected among said two or more predetermined crank angles. 
The control approach of the engine characterized by controlling ignition timing so that a fire stage 
may be set forward when said detection value is smaller, and a fire stage may be delayed based on 
the comparison with the detection value of this combustion rate, and the target combustion rate value 
to said early predetermined crank angle the time of the direction of a detection value becoming size. 
[Claim 9] The combustion condition that desired operational status is acquired among a load or an 
engine speed at least corresponding to one side is acquired. Each combustion rate value in two or 
more predetermined crank angles in this combustion condition as map data of two or more target 
combustion rate values to said two or more predetermined crank angles While holding in memory 
among a load or an engine speed at least corresponding to one side At least two actual combustion 
rates to at least two predetermined crank angles are detected among said two or more predetermined 
crank angles. It asks for the rate of change to the crank angle of these at least two actual combustion 
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rates. The change to the crank angle of two or more of said predetermined target combustion rates 
comes out comparatively, and it is based on the comparison with a certain target rate. When the rate 
of change by said detection value is smaller than a target rate, it is detected as the rate of combustion 
being slow. Increase the fuel amount of supply of en JINHE, or the new mind before the combustion 
in an engine combustion chamber is mixed. The amount of the recycling exhaust gas which is a part 
of existing combustion gas formed in a pre-combustion cycle [ whether it decreases and ] The 
control approach of the engine characterized by controlling to realize any one of whether the amount 
of flow in a cylinder of the new mind before the combustion in an engine combustion chamber is 
increased, a compression ratio is increased, or the charge pressure is increased. 
[Claim 10] The combustion condition that desired operational status is acquired among a load or an 
engine speed at least corresponding to one side is acquired. Each crank angle value used as two or 
more predetermined combustion rates in this combustion condition as map data of two or more target 
crank angle values to said two or more predetermined crank angles While holding in memory among 
a load or an engine speed at least corresponding to one side The actual crank angle which reaches a 
small predetermined combustion rate among each crank angle which reaches said two or more 
predetermined combustion rates is detected. It is based on the comparison with the detection value of 
this crank angle, and the target crank angle value set up corresponding to said small predetermined 
combustion rate. It is the control approach of the engine characterized by controlling ignition timing 
so that it advances ignition timing when the direction of said detection value is behind, and ignition 
timing may be delayed, when the direction of a detection value is progressing. 
[Claim 11] The combustion condition that desired operational status is acquired among a load or an 
engine speed at least corresponding to one side is acquired. Each crank angle value used as two or 
more predetermined combustion rates in this combustion condition as map data of two or more target 
crank angle values to said two or more predetermined crank angles While holding in memory among 
a load or an engine speed at least corresponding to one side At least two actual crank angles which 
reach at least two predetermined combustion rates among said two or more predetermined 
combustion rates are detected. It asks for the rate of change to the combustion rate of these at least 
two actual crank angles. The change to the combustion rate of two or more of said predetermined 
target crank angles comes out comparatively, and it is based on the comparison with a certain target 
rate. When the rate of change by said detection value is larger than a target rate, it is detected as the 
rate of combustion being slow. Increase the fuel amount of supply of en JINHE, or the new mind 
before the combustion in an engine combustion chamber is mixed. The amount of the recycling 
exhaust gas which is a part of existing combustion gas formed in a pre-combustion cycle [ whether it * 
decreases and ] The control approach of the engine characterized by controlling to realize at least one 
of whether the amount of flow in a cylinder of the new mind before the combustion in an engine 
combustion chamber is increased, a compression ratio is increased, or the charge pressure is 
increased. 

[Claim 12] The control approach of the engine according to claim 8 to 1 1 characterized by giving 
predetermined width of face to said target combustion rate and a target crank angle. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the control approach of the diesel power plant of the 
jump-spark-ignition engine of a two cycle or a four cycle, a two cycle, or a four cycle, and its control 
unit. 
[0002] 

[Description of the Prior Art] If in controlling this ignition timing although controlling ignition 
timing is performed a knocking detection means is arranged, knocking is not detected, it will be 
made to carry out the tooth lead angle of the ignition timing and knocking will be detected, the lag of 
the ignition timing will carry out, so that high power may obtain in a high negative region in a two- 
cycle jump-spark-ignition engine or a four-cycle jump-spark-ignition engine, and some which 
perform feedback control of ignition timing based on knocking existence information so that it may 
be in the tooth-lead-angle condition of a knocking generating limitation are. The feedback control of 
such ignition timing is based on the view that the maximum output or generating of the maximum 
torque in the rotational frequency region is possible, when the tooth lead angle of the ignition timing 
is carried out to a knocking generating limitation. 

[0003] Also in a diesel power plant, when detecting knocking, and detecting knocking so that 
knocking may not occur even if there is an ignition delay, there are some which set forward a fuel- 
injection initiation stage. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, even if it does not generate the best torque 
[ in / as an ignition timing tooth-lead-angle condition of a knocking generating limitation / the 
operation region ] depending on operational status, such as an engine speed, but lights in the ignition 
timing which can generate the **** best torque, it may not become a knocking generating limitation. 
In this case, even if it performs feedback control of ignition timing based on knocking existence 
information, this best torque is not acquired. 

[0005] In addition, the same is said of the fuel-injection initiation stage in a diesel power plant. 
Moreover, a simple and positive approach is required to obtain a good cold start, good acceleration 
moderation, pure exhaust gas, good fuel consumption, or a good horsepower output torque [ not 
only / best / not only ]. 

[0006] This invention aims at offering the control approach of the engine made controllable so that 
good startability, good transient response nature, pure exhaust gas, good fuel consumption, or a good 
horsepower output may be obtained, and its control unit so that it might be made in view of this point 
and may become the best torque in that operation region, for example, that engine speed, and a load 
in a wide range operation region. 
[0007] 

[Means for Solving the Problem] In order to solve said technical problem and to attain the purpose, 
the control approach of the engine invention according to claim 1 The combustion condition that 
correspond" to at least one side among a load or an engine speed, and desired operational status is 
acquired is acquired. Among a load or an engine speed, while holding a combustion rate value [ in / 
the time of this combustion condition / a predetermined crank angle ] in memory as map data of the 
target combustion rate value at least corresponding to one side the actual combustion rate to said 
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predetermined crank angle — detecting ~ the comparison with the detection value of this combustion 

rate, and said target combustion rate value — being based — the direction of said detection value ~ 

smallness — a time — a fire stage — advancing — the direction of a detection value — size — a time — 

a fire stage — delaying — as — ignition timing — controlling — things — the description ~ carrying out 
**** 

[0008] thus, the actual combustion rate to a predetermined crank angle — detecting — the comparison 
with the detection value of this combustion rate, and a target combustion rate value — being based — 
the direction of a detection value — smallness — a time — a fire stage — advancing — the direction of 
a detection value — size — a time — a fire stage — delaying -- as — Ignition timing can be controlled, 
the ignition timing of the minimum tooth lead angle when the operational status of the request in the 
operation region, for example, the engine speed, and a load is acquired can be grasped in a wide 
range operation region, and feedback control can be carried out so that it may light in the ignition 
timing. 

[0009] The control approach of the engine invention according to claim 2 The actual combustion rate 
to said predetermined crank angle The crank angle of a before [ from after the termination like an 
exhaust air line / the early stages of a compression stroke ], The firing pressure in at least four crank 
angles which an exhaust air line becomes from two crank angles in the period to initiation is detected 
from the crank angle from compression stroke initiation to ignition initiation, and ignition initiation, 
and it is characterized by making it compute based on these firing-pressure data. 
[0010] Thus, the actual combustion rate to a predetermined crank angle is appropriately computable 
based on firing-pressure data. 

[001 1] The control approach of the engine invention according to claim 3 The combustion condition 
that correspond to at least one side among a load or an engine speed, and desired operational status is 
acquired is acquired. Among a load or an engine speed, while holding in memory title crank angle 
value which reaches a predetermined combustion rate value in this combustion condition as map data 
of the crank angle value at least corresponding to one side Detect the actual crank angle which 
reaches said predetermined combustion rate value, and it is based on the comparison with the 
detection value of this crank angle, and a target crank angle value. When becoming the crank angle 
to which ignition timing was advanced and the direction of a detection value progressed when 
becoming the crank angle which was in the direction of said detection value, it is characterized by 
controlling ignition timing to delay ignition timing. 

[0012] Thus, detect the actual crank angle which reaches a predetermined combustion rate value, and 
it is based on the comparison with the detection value of this crank angle, and a target crank angle 
value. Advance ignition timing, when becoming the crank angle which was in the direction of a 
detection value, when becoming the crank angle to which the direction of a detection value 
progressed, control ignition timing to delay ignition timing, and it sets in a wide range operation 
region. The ignition timing of the minimum tooth lead angle when the operational status of the 
request in the operation region, for example, the engine speed, and a load is acquired can be grasped, 
and feedback control can be carried out so that it may light in the ignition timing. 
[0013] The control approach of the engine invention according to claim 4 The actual crank angle 
which reaches said predetermined combustion rate value The crank angle of a before [ from after the 
termination like an exhaust air line / the early stages of a compression stroke ], The firing pressure in 
at least four crank angles which an exhaust air line becomes from two crank angles in the period to 
initiation is detected from the crank angle from compression stroke initiation to ignition initiation, 
and ignition initiation, and it is characterized by making it compute based on these firing-pressure 
data. Thus, the actual crank angle which reaches a predetermined combustion rate value is 
appropriately computable based on firing-pressure' data. 

[0014] The control unit of the engine of invention according to claim 5 An operational status 
detection means including an engine-speed detection means, a crank angle detection means, and a 
combustion pressure detection means, The data storage holding target status value, and the status 
value calculation program which computes actual status value from the information from said each 
detection means, The program storage holding the control value calculation program which 
computes the control value of ignition timing based on the comparison with the computed status 
value and the target status value held at said data storage, It has the ignition lit based on the control 
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value of ignition timing, and is characterized by controlling the following ignition timing of A or B. 
[0015] A. The actual combustion rate to a predetermined crank angle The crank angle of a before 
[ from after the termination like an exhaust air line / the early stages of a compression stroke ], and 
the crank angle from compression stroke initiation to ignition initiation, The firing pressure in at 
least four crank angles which an exhaust air line becomes from two crank angles in the period to 
initiation is detected from ignition initiation, these firing-pressure data — being based — computing — 
making — the comparison with the detection value of a combustion rate, and said target combustion 
rate value - being based — the direction of said detection value — smallness - a time ~ a fire stage » 
advancing — the direction of a detection value — size — a time ~ a fire stage -- delaying — as — 
ignition timing — controlling . 

[0016] B. The actual crank angle which reaches a predetermined combustion rate value The crank 
angle of a before [ from after the termination like an exhaust air line / the early stages of a 
compression stroke ], and the crank angle from compression stroke initiation to ignition initiation, 
The firing pressure in at least four crank angles which an exhaust air line becomes from two crank 
angles in the period to initiation is detected from ignition initiation. Make it compute based on these 
firing-pressure data, and it is based on the comparison with the detection value of a crank angle, and 
a target crank angle value. When becoming the crank angle which was in the direction of said 
detection value, ignition timing is advanced, and when becoming the crank angle to which the 
direction of a detection value progressed, ignition timing is controlled to delay ignition timing. 
[0017] Thus, the actual combustion rate to a predetermined crank angle is appropriately computed 
based on firing-pressure data, the comparison with the detection value of a combustion rate, and a 
target combustion rate value — being based — the direction of a detection value — smallness — a time 
— a fire stage — advancing — the direction of a detection value « size — a time — a fire stage — 
delaying - as — The actual crank angle which controls ignition timing and reaches a predetermined 
combustion rate value Based on firing-pressure data, it computes appropriately, when becoming the 
crank angle which was in the direction of a detection value based on the comparison with the 
detection value of a crank angle, and a target crank angle value, ignition timing is advanced, and 
when becoming the crank angle to which the direction of a detection value progressed, ignition 
timing can be controlled to delay ignition timing. 

[0018] The control approach of the engine in the diesel power plant of invention according to claim 

6 The combustion condition that correspond to at least one side among a load or an engine speed, 
and desired operational status is acquired is acquired. Among a load or an engine speed, while 
holding a combustion rate value [ in / the time of this combustion condition / a predetermined crank 
angle ] in memory as map data of the target combustion rate value at least corresponding to one side 
Detect the actual combustion rate to said predetermined crank angle, and it is based on the 
comparison with the detection value of this combustion rate, and said target combustion rate value, 
the direction of said detection value ~ smallness ~ the time — a fuel-injection initiation stage — 
advancing — the direction of a detection value — size — the time ~ a fuel-injection initiation stage — 
delaying — as — a fuel-injection initiation stage — controlling — things — the description — carrying 
out — **** . 

[0019] Thus, in a diesel power plant, the actual combustion rate to a predetermined crank angle is 
detected, the comparison with the detection value of this combustion rate, and a target combustion 
rate value — being based — the direction of a detection value — smallness — the time — a fuel- 
injection initiation stage — advancing — the direction of a detection value — size — the time — a fuel- 
injection initiation stage — delaying — as — A fuel-injection initiation stage can be controlled, the 
fuel-injection initiation stage when the operational status of the request in the operation region, for 
example, the engine speed, and a load is acquired can be grasped in a wide range operation region, 
and feedback control can be carried out so that fuel injection may be carried out with the fuel- 
injection initiation stage. 

[0020] The control approach of the engine in the diesel power plant of invention according to claim 

7 The combustion condition that correspond to at least one side among a load or an engine speed, 
and desired operational status is acquired is acquired. Among a load or an engine speed, while 
holding in memory the crank angle value which reaches a predetermined combustion rate in this 
combustion condition as map data of the target crank angle value at least corresponding to one side 
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Detect the actual crank angle which reaches said predetermined combustion rate value, and it is 
based on the comparison with the detection value of this crank angle, and said target crank angle 
value. When becoming the crank angle to which the fuel-injection initiation stage was set forward 
and the direction of a detection value progressed when becoming the crank angle which was in the 
direction of said detection value, it is characterized by controlling a fuel-injection initiation stage so 
that a fuel-injection initiation stage may be delayed. 

[0021] Thus, in a diesel power plant, the actual crank angle which reaches a predetermined 
combustion rate value is detected. So that it sets forward a fuel-injection initiation stage when 
becoming the crank angle which was in the direction of a detection value based on the comparison 
with the detection value of this crank angle, and a target crank angle value, and a fuel-injection 
initiation stage may be delayed, when becoming the crank angle to which the direction of a detection 
value progressed A fuel-injection initiation stage is controlled and it sets in a wide range operation 
region. The operation region, For example, high torque or the best torque in the engine speed and a 
load, Or to a good cold start, acceleration and deceleration, or a fuel consumption pan, the fuel- 
injection initiation stage when pure exhaust gas is obtained can be grasped, and feedback control can 
be carried out so that fuel injection may be carried out with the fuel-injection initiation stage. 
[0022] The control approach of the engine invention according to claim 8 The combustion condition 
that desired operational status is acquired among a load or an engine speed at least corresponding to 
one side is acquired. Each combustion rate value in two or more predetermined crank angles in this 
combustion condition as map data of two or more target combustion rate values to said two or more 
predetermined crank angles While holding in memory among a load or an engine speed at least 
corresponding to one side The actual combustion rate to an early predetermined crank angle is 
detected among said two or more predetermined crank angles. It is characterized by controlling 
ignition timing so that a fire stage may be set forward when said detection value is smaller, and a fire 
stage may be delayed based on the comparison with the detection value of this combustion rate, and 
the target combustion rate value to said early predetermined crank angle the time of the direction of a 
detection value becoming size. 

[0023] Thus, by carrying out feedback control of the ignition timing, combustion can be controlled 
further finely and a good engine property is acquired so that the actual combustion rate to an early 
predetermined crank angle is detected among two or more predetermined crank angles, a fire stage 
may be set forward based on the comparison with the detection value of this combustion rate, and the 
target combustion rate value to an early predetermined crank angle when the detection value is 
smaller, and a fire stage may be delayed the time of the direction of a detection value becoming size. 
[0024] The control approach of the engine invention according to claim 9 The combustion condition 
that desired operational status is acquired among a load or an engine speed at least corresponding to 
one side is acquired. Each combustion rate value in two or more predetermined crank angles in this 
combustion condition as map data of two or more target combustion rate values to said two or more 
predetermined crank angles While holding in memory among a load or an engine speed at least 
corresponding to one side At least two actual combustion rates to at least two predetermined crank 
angles are detected among said two or more predetermined crank angles. It asks for the rate of 
change to the crank angle of these at least two actual combustion rates. The change to the crank 
angle of two or more of said predetermined target combustion rates comes out comparatively, and it 
is based on the comparison with a certain target rate. When the rate of change by said detection value 
is smaller than a target rate, it is detected as the rate of combustion being slow. Increase the fuel 
amount of supply of en JINHE, or the new mind before the combustion in an engine combustion 
chamber is mixed. The amount of the recycling exhaust gas which is a part of existing combustion 
gas formed in a pre-combustion cycle [ whether it decreases and ] It is characterized by controlling 
to realize any one of whether the amount of flow in a cylinder of the new mind before the 
combustion in an engine combustion chamber is increased, a compression ratio is increased, or the 
charge pressure is increased. 

[0025] Thus, at least two actual combustion rates to at least two predetermined crank angles are 
detected among two or more predetermined crank angles. The change to the crank angle of two or 
more predetermined target combustion rates comes out comparatively, and it is based on the 
comparison with a certain target rate. When the rate of change by the detection value is smaller than 
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a target rate, it is detected as the rate of combustion being slow. Increase the fuel amount of supply 
of en JINHE, or the new mind before the combustion in an engine combustion chamber is mixed. 
The amount of the recycling exhaust gas which is a part of existing combustion gas formed in a pre- 
combustion cycle [ whether it decreases and ] By controlling to realize any one of whether the 
amount of flow in a cylinder of the new mind before the combustion in an engine combustion 
chamber is increased, a compression ratio is increased, or the charge pressure is increased, 
combustion can be controlled further finely and a good engine property is acquired. 
[0026] The control approach of the engine invention according to claim 10 The combustion 
condition that desired operational status is acquired among a load or an engine speed at least 
corresponding to one side is acquired. Each crank angle value used as two or more predetermined 
combustion rates in this combustion condition as map data of two or more target crank angle values 
to said two or more predetermined crank angles While holding in memory among a load or an engine 
speed at least corresponding to one side The actual crank angle which reaches a small predetermined 
combustion rate among each crank angle which reaches said two or more predetermined combustion 
rates is detected. It is based on the comparison with the detection value of this crank angle, and the 
target crank angle value set up corresponding to said small predetermined combustion rate. It is 
characterized by controlling ignition timing so that it advances ignition timing when the direction of 
said detection value is behind, and ignition timing may be delayed, when the direction of a detection 
value is progressing. 

[0027] Thus, the actual crank angle which reaches a small predetermined combustion rate among 
each crank angle which reaches two or more predetermined combustion rates is detected. So that it 
advances ignition timing based on the comparison with the detection value of this crank angle, and 
the target crank angle value set up corresponding to the small predetermined combustion rate when 
the direction of a detection value is behind, and ignition timing may be delayed, when the direction 
of a detection value is progressing By carrying out feedback control of the ignition timing, 
combustion can be controlled further finely and a good engine property is acquired. 
[0028] The control approach of the engine invention according to claim 11 The combustion 
condition that desired operational status is acquired among a load or an engine speed at least 
corresponding to one side is acquired. Each crank angle value used as two or more predetermined 
combustion rates in this combustion condition as map data of two or more target crank angle values 
to said two or more predetermined crank angles While holding in memory among a load or an engine 
speed at least corresponding to one side At least two actual crank angles which reach at least two 
predetermined combustion rates among said two or more predetermined combustion rates are 
detected. It asks for the rate of change to the combustion rate of these at least two actual crank 
angles. The change to the combustion rate of two or more of said predetermined target crank angles 
comes out comparatively, and it is based on the comparison with a certain target rate. When the rate 
of change by said detection value is larger than a target rate, it is detected as the rate of combustion 
being slow. Increase the fuel amount of supply of en JINHE, or the new mind before the combustion 
in an engine combustion chamber is mixed. The amount of the recycling exhaust gas which is a part 
of existing combustion gas formed in a pre-combustion cycle [ whether it decreases and ] It is 
characterized by controlling to realize at least one of whether the amount of flow in a cylinder of the 
new mind before the combustion in an engine combustion chamber is increased, a compression ratio 
is increased, or the charge pressure is increased. 

[0029] Thus, at least two actual crank angles which reach at least two predetermined combustion 
rates among two or more predetermined combustion rates are detected. The change to the 
combustion rate of two or more predetermined target crank angles comes out comparatively, and it is 
based on the comparison with a certain target rate. When the rate of change by the detection value is 
larger than a target rate, it is detected as the rate of combustion being slow. Increase the fuel amount 
of supply of en JINHE, or the new mind before the combustion in an engine combustion chamber is 
mixed. The amount of the recycling exhaust gas which is a part of existing combustion gas formed in 
a pre-combustion cycle [ whether it decreases and ] By controlling to realize any one of whether the 
amount of flow in a cylinder of the new mind before the combustion in an engine combustion 
chamber is increased, a compression ratio is increased, or the charge pressure is increased, 
combustion can be controlled further finely and a good engine property is acquired. 
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[0030] The control approach of the engine invention according to claim 12 is characterized by giving 
predetermined width of face to said target combustion rate and a target crank angle. Thus, by giving 
predetermined width of face to a target combustion rate and a target crank angle, prevention of 
hunting accompanying [ can play can make a field and ] feedback control by which feedback control 
is not carried out can be enabled, and operability improves. 
[0031] 

[Embodiment of the Invention] Hereafter, the control approach of the engine this invention and its 
control unit are explained to a detail based on a drawing. 

[0032] Drawing 1 is a block diagram of the jump-spark-ignition type four stroke cycle engine which 
is two or more cylinders with which this invention is applied. This engine 1 is constituted by a crank 
case 2, and the cylinder body 3 and the cylinder head 4 of that upper part. In a cylinder body 3, it is 
equipped with a piston 7 possible [ sliding ] through a connecting rod 8, and the connecting rod 8 is 
connected with the crankshaft 9. A crankshaft 9 is equipped with the ring wheel 10 which has a 
predetermined number of teeth, and it has the crank angle sensor 1 1 which serves as the engine speed 
sensor for detecting the rotation location of this ring wheel 10, and measuring a crank angle and an 
engine speed. A combustion chamber 13 is formed between the cylinder head 4 and a piston 7. The 
combustion room pressure sensor 5 for detecting the firing pressure in this combustion chamber 13 is 
formed in a cylinder head 4 side. The cooling water jacket 6 is formed in the suitable location of the 
cylinder head 4 and a cylinder body 3. In a combustion chamber 13, a flueway 15 and the inhalation- 
of-air path 16 are open for free passage, and an exhaust valve 17 and an inlet valve 18 are formed in 
the opening, respectively. In the middle of the exhaust pipe 22 connected to the flueway 15, the 
catalysts 23, such as a three way component catalyst for exhaust gas purification, are established, and 
the muffler 24 is formed in the edge. The oxygen density sensor (02 sensor) 25 and the exhaust pipe 
temperature sensor 120 are formed in an exhaust pipe 22, and it connects with the control unit 12, 
respectively. 

[0033] The cylinder head 4 is equipped with a temperature sensor 26, and the temperature 
information on a combustion chamber 13 is sent to a control unit 12. Moreover, a sensor 150 is 
formed in a catalyst 23 whenever [ catalyst temperature / which was connected with the control unit 
12 ]. The kill switch 43 of an engine 1 is further connected to a control device 12, and the halt 
information on engine drive control is acquired. 

[0034] On the other hand, an inlet pipe 20 is connected to the inhalation-of-air path 16, and an inlet 
pipe 20 is connected with each gas column through the inhalation-of-air distribution tube 28. The 
inhalation-of-air distribution tube 28 is equipped with the pressure-of-induction-pipe force sensor 32, 
and pressure-of-induction-pipe force information is sent to a control unit 12. The inhalation-of-air 
distribution tube 28 and an exhaust pipe 22 are connected, and the EGR tubing 152 is formed. The 
EGR regulator valve 151 connected with the control unit 12 is formed in the EGR tubing 15,2. An air 
cleaner 35 is ****(ed) by the inhalation-of-air distribution tube 28 through an inlet pipe 33. The 
inhalation air temperature sensor 36 is formed in an air cleaner 35, and inhalation air-temperature 
information is sent to a control unit 12. The inspired-air- volume regulator 30 is formed in the middle 
of an inlet pipe 33, and the inspired-air- volume regulator 30 is equipped with the throttle valve 29. 
[0035] The throttle opening sensor 31 is formed in a throttle valve 29, and this throttle opening 
sensor 31 is connected with a control unit 12. The throttle-valve detour path 37 is established in the 
inlet pipe 33 of inspired-air- volume regulator 30 part, and the detour path opening regulator valve 38 
is formed in this detour path 37. The detour path opening regulator valve 38 is connected with a 
control unit 12. In an inlet pipe 33, the heat ray type inhalation air content sensor 34 is formed, and 
inhalation air content information is s<ent to a control unit 12. 

[0036] An injector 105 is formed in the upstream of the inlet valve 18 of the inhalation-of-air path 16 
for every suction port of each gas column. An injector 105 is connected with a control unit 12, and 
the control signal of the optimal injection quantity calculated according to operational status is sent. 
A fuel is sent to each injector 105 through fuel pipe 101a connected with each gas column. Fuel pipe 
101a branches from the fuel distribution tube 104, it lets a fuel feeding pipe 101 pass from a fuel 
tank 100 to this fuel distribution tube 104, and a fuel is further sent by the fuel pump 103 through a 
filter 102. The fuels which were not injected from an injector 105 are collected through the fuel 
return pipe 107 in a fuel tank 100. A regulator 106 is formed in the fuel return pipe 107, and fuel 
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injection pressure is kept constant. 

[0037] Drawing 2 is the flow chart of the main routine which controls various engine operational 
status. Each step is explained below. 

[0038] Step SI 1: Initialization is performed and initial value is set to each flag value and each 
variable value. 

[0039] Step S12 : The inhalation air-temperature information from the inhalation air temperature 
sensor 36, The inhalation air content information from the heat ray type inhalation air content sensor 
34, the throttle opening information from the throttle opening sensor 31, Whenever [ from a sensor 
150 / catalyst temperature ] Information, [ whenever / pressure-of-induction-pipe force information / 
from the pressure-of-induction-pipe force sensor 32 / and catalyst temperature ] The crank angle 
information from the crank angle sensor 1 1, the temperature information from a temperature sensor 
26, The oxygen density information from the exhaust pipe temperature information from the exhaust 
pipe temperature sensor 120, the combustion chamber pressure signal from the combustion room 
pressure sensor 5, and the oxygen density sensor 25 and the oil residue information from a non- 
illustrated oil sensor are incorporated, and the data is memorized to memory A (i). An engine load 
can be grasped as an accelerator location or throttle opening. If this throttle opening and engine 
speed are decided, since an inhalation air content is decided the case at the time of steady operation, 
an inhalation air content can be detected directly and it can be regarded as an engine load. Moreover, 
if an engine speed is decided, since inlet-pipe negative pressure has the fixed relation to throttle 
opening, inlet-pipe negative pressure can be detected and it can be regarded as an engine load. 
[0040] Step SI 3: Incorporate switch information, such as ON of the main switch which is not 
illustrated [ ON of the kill switch 43, OFF and ], OFF and ON of a non-illustrated starting switch, 
and OFF, and memorize to memory B (i). The kill switch 43 is a switch for emergency shut downs, 
and the engine for small vessels is equipped with it without preparing for the engine for cars. 
[0041] Step S14: Operational status judges based on the sensor information incorporated in said step 
12, and the switch information incorporated at said step 13, and input the value corresponding to the 
variable C in memory corresponding to this operational status **, **, **, **, **, and **. 
Operational status ** ... Beyond a predetermined value, an engine speed judges with a MBT 
(Minimum Advance Ignition for Best Torque) control state in the fixed accelerator condition that the 
rate of change of beyond a predetermined value and throttle opening is not in the inside high-speed 
rotation below a predetermined value, an inside high-speed load, and a sudden acceleration-and- 
deceleration condition, or a ** accelerator actuation condition, and throttle opening carries out 
memory of 1 to Variable C. 

[0042] Operational status ** ... When the rate of change of throttle opening is beyond a 
predetermined value, it judges with transient operational status and memory of 2 is carried out to 
Variable C. 

[0043] Operational status ** ... When below a predetermined value and an engine speed are between 
predetermined region, for example, 2000rpm, - 5000rpm, they judge with a lean combustion control 
state, and throttle opening carries out memory of 3 to Variable C. 

[0044] Operational status ** ... An engine speed judges with OBAREBO more than predetermined 
threshold value, engine temperature judges with abnormality operational status at the time of engine 
abnormal conditions, such as overheat beyond a predetermined value, and memory of 4 is carried out 
to Variable C. 

[0045] Operational status ** ... When engine temperature is below a predetermined value and a 
starting switch ON, it judges with a cold start condition and memory of 5 is carried out to Variable 
C 

[0046] Operational status ** ... At the time of a main switch OFF or the kill switch OFF, it judges 

with an engine shutdown demand condition, and memory of 6 is carried out to Variable C. 

[0047] Moreover, it is referred to as P= 0, when checking step S 14 in a what time main routine with 

a flag P= 1 and exceeding the predetermined time R by the same variable C value. 

[0048] 

[0049] At the time of O 1, at the time of Rc=lC=2, the value of R will be set to Rc=KRc=2<Rc=3 

by it at the time of Rc=2C=3, if the value of R changes the value of R as Rc=3. 

[0050] It is referred to as P= 0 when the C value in the last main routine differs from this C value. 
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[0051] Step SI 5: Decision of being mode operation activation is performed, when Variables C are 1- 
3, shift to step SI 6, and when Variables C are 4-6, shift to step S20. 

[0052] Step SI 6: Based on the value of Flag P, in the case of P— 0, ask for the target combustion rate 
according to an engine speed and a load, and put the result into Memory D with the map data in 
memory (thing equivalent to drawing 5 ). Moreover, a fundamental-points fire stage, a basic fuel- 
injection initiation stage, and basic fuel oil consumption are also calculated from the respectively 
same map data as drawing 5 in memory (what illustration-ized the value given as an engine speed 
and a function of a load), and are paid to memory F (1), E" (2), and E' (3), respectively. Then, it is 
made P= 1. In no cases of P= 1, it carries out, but they shift to step SI 7. 

[0053] A combustion rate means the rate of the fuel which burned by whenever [ over the fuel which 
burns in 1 cycle combustion / a certain crank angle ]. It is the approach of asking for the chamber- 
pressure data in two or more points predetermined [ in combustion 1 cycle ] in one approach by the 
primary approximate expression about the count approach of this combustion rate, and another is the 
approach of calculating the amount of heat release by the thermodynamic formula from the sampled 
pressure value, and asking for the combustion rate to a predetermined crank angle (for example, top 
dead center). The count result with both approaches very near true value was obtained. 
[0054] In this case, the data of a chamber pressure detect and ask for the chamber pressure in the 
crank angle of the 1st period of a before [ from after the termination like an exhaust air line / the 
early stages of a compression stroke ]. In this case, the pressure of a combustion chamber is a crank 
angle in within the limits in the condition of having fallen most and having approached atmospheric 
pressure, for example, the crank angle of a before [ from after the termination like an exhaust air 
line / the early stages of a compression stroke ] is a bottom dead point or its near. That is, in a four 
stroke cycle engine, the pressure of a combustion chamber declines and atmospheric pressure is 
approached as are shown in drawing 6 , and the combustion gas of a combustion chamber is 
discharged like the exhaust air line from the bottom dead point after explosion and a top dead center 
is approached. In the charging stroke after a top dead center, the condition near atmospheric pressure 
is maintained for the new air conduction close, it passes like an inhalation-of-air line, and a pressure 
is gradually heightened from the compression stroke after the bottom dead point where an exhaust 
valve 17 closes and is started. The pressure of the combustion chamber in one point is detected 
among the range which the pressure of such a combustion chamber declined and approached 
atmospheric pressure. Although the crank angle aO in drawing 6 is taken to BDC, it may be after 
BDC as long as it is in early stages of a compression stroke. Of course, the crank angle in the 
inhalation-of-air process in front of BDC is sufficient. On the other hand, with a two-cycle engine, 
since new mind will be introduced from a crank case if a pressure declines, the pressure of a 
combustion chamber will decline further according to this if an exhaust port opens, and a scavenging 
port opens while the piston after explosion falls, as shown in drawing 12 , atmospheric pressure is 
approached. After the exhaust port has opened, a piston goes up from a bottom dead point, a 
scavenging port closes and continues, and a **** pressure increases [ an exhaust port /****** and 
compression ] gradually. That is, from after the termination like an exhaust air line before the early 
stages of a compression stroke, after a scavenging port opens after the exhaust port opened and the 
exhaust port has opened after exhaust air initiation, and inhalation of air is started, between until an 
exhaust port closes and compression is started is said. In drawing 12 , the crank angle aO is taken to 
BDC. 

[0055] Jump spark ignition is performed in front of an after [ compression ] top dead center, or to the 
back. ( Jump spark ignition is started in the crank angle expressed with an arrow head and S among 
drawing 6 and drawing 12 , respectively.) Jump spark ignition is started, it is slightly behind, and 
lights and combustion is started. The ignition initiation said by each claim is the moment that this 
ignition combustion is started. That is, in the crank angle ( drawing 12 R> 2 drawing 6 , crank angle 
al) of the 2nd period which is a period from compression stroke initiation to ignition combustion 
initiation, the pressure of the **** interior of a room is detected. Then, two crank angles in the 3rd 
period ignition initiation (ignition combustion initiation) to whose explosion combustion line is a 
period until it is started like an exhaust air line inside (it sets to drawing 6 and drawing 12 ) The 
pressure of a combustion chamber is detected in crank angle a2a3, the crank angles a2 and a4, the 
crank angles a3 and a4 or the crank angle 2, a5, crank angle a3a5, or the crank angles a4 and a5. As 
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for one crank angle, it is desirable between two crank angles in this period that it is a front [ crank 
angle / used as the highest firing pressure ]. Moreover, when the pressure of a combustion chamber 
detects in four or more crank angles, for example, the crank angle of five or more points, said by 
each claim, the number of the pressure survey crank angle points of the 1st or 2nd period may be 
made to increase. Moreover, in three or more crank angles, pressure detection may be carried out 
like [ it is desirable and ] the example of drawing 6 and drawing 12 [ within the 3rd period ]. By the 
diesel power plant, the fuel injection before an after [ compression ] top dead center or to an after [ a 
top dead center ] combustion chamber is started, it is behind for a while, and combustion starts by 
spontaneous ignition. That is, by the diesel power plant, the ignition initiation indicated to each claim 
means the moment that this spontaneous ignition is started. In addition, as reach, spontaneous 
ignition searches for the ignition delay to initiation beforehand as an engine speed or data based on a 
load from fuel-injection initiation, this is woven in, it reaches and the pressure crank angle point 
within the pressure survey crank angle within the 2nd period and the 3rd period is memorized in 
memory as an engine speed or data based on a load, the pressure survey of a combustion chamber is 
performed. 

[0056] the sum total of such 1st one period, the 2nd one period, and the 3rd two periods — even if 
few, the chamber pressure of whenever [ crank angle / of four points ] is detected, and a combustion 
rate is calculated for this from a primary approximate expression. This approximate expression is 
combustion rate qx=a+bl*(Pl-P0) +b2*(P2-P0)+... It is expressed with +bn* (Pn-PO). 
[0057] As shown in an upper type, to the pressure data Pl-Pn, qx(es) are what applied the constant of 
bl-bn, and the thing which applied the constant a set up beforehand, and are expressed to what 
lengthened reference pressure P0 respectively. 

[0058] It is what applied the constant to which Cl-Cn were set beforehand, and the thing which 
applied the constant set up beforehand, and is expressed to that to which Pmi lengthened reference 
pressure P0 respectively to the pressure data Pl-Pn similarly. 

[0059] P0 is the chamber pressure of the point (as mentioned above for example, whenever [ near the 
BDC / crank angle ]) of atmospheric-pressure level, and in order to amend the offset voltage by the 
drift of a sensor etc., it is subtracted from each pressure value of Pl-Pn here. Moreover, a firing 
pressure [ in / in PI / the crank angle al of the 1st period ] and P2 are the chamber pressures in the 
crank angle a2 of the 2nd period. P3-Pn(s) are the crank angles a3-an (this example n= 5) of the 3rd 
period. 

[0060] The almost same value as an actual value is correctly computed for the combustion rate to the 
predetermined crank angle after ignition by the operation by such easy primary approximate 
expression for a short time. Therefore, while being able to take out the energy by combustion 
efficiently by controlling engine ignition timing and an engine air-fiiel ratio using such a combustion 
rate, when responsibility is raised and it performs lean combustion control and EGR control, 
operational status can be followed exactly and output fluctuation can be suppressed. Moreover, 
generating of NOx by combustion advancing rapidly can be prevented. In the 2nd qx calculation 
approach, the heating value generated between two pressure survey points (whenever [ crank angle ]) 
the differential pressure in both the pressure survey point — **P and a volume-of-combustion- 
chamber difference — if the ratio of specific beat and R make it as an average gas constant and P0 
makes heat equivalent and K the pressure value in BDC, P, and V and A the pressure value and 
volume-of-combustion-chamber value by the side of before [ of **V and the two point of 
measurement ] Amount Qx=Aof heat release/(K-l) * (K+l) (/2***P***V+K*(P-P0) ***V+V***P) 
It can ask by carrying out. 

[0061] Moreover, the combustion rate to a predetermined pressure survey point selects a crank angle 
when combustion is completed mostly as a pressure survey point. It is what totaled what calculated 
the above-mentioned amount Qx of heat release for between [ every ] each pressure survey point that 
selected similarly the crank angle near at the time of ignition as a pressure survey point, and the 
meantime was measured. What totaled what calculated Above Qx about the between to a 
predetermined pressure survey point (predetermined crank angle) from the first pressure survey point 
is broken. 

[0062] That is, it is heating-value xl00(%) =(Q1+Q2+ ... +Qx)/(Q1+Q2+ ... +Qn) xlOO of the 
heating value/all that burned by whenever [ crank angle / of combustion rate qx= arbitration ]. 
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[0063] By the above count approaches, the chamber pressure in two or more predetermined crank 
angles can be measured, and the combustion rate to a predetermined crank angle can be correctly 
computed based on the data. The stable output and engine rotation are obtained by controlling an 
engine using this combustion rate. 

[0064] Step SI 7: Inhalation air- temperature information and inlet-pipe negative pressure information 
perform the amendment operation of the injection quantity for fuel injection. That is, since air 
density will become low if inhalation air temperature is high, a substantial air flow rate becomes less. 
For this reason, the air- fuel ratio in a combustion chamber becomes low. For this reason, the amount 
of amendments for reducing fuel oil consumption is computed. 

[0065] Step SI 8: The basic fuel-injection initiation according to an engine load and an engine speed, 
basic fuel oil consumption, and a fundamental-points fire stage are called for at step SI 6, and are put 
in by E' (i). According to those information by which memory was carried out to the amount of 
amendments calculated at step SI 7 based on this, and memory A (i), the amount of fuel -injection 
amendments and the amount of ignition timing amendments are calculated, and, in addition to a 
reference value, a controlled variable is calculated respectively. This controlled variable sets an 
ignition initiation stage to memory E (1), an ignition period is set to memory E (2), and an injection 
initiation stage and an injection termination stage are put into E (3) and E (4) for an injection 
initiation stage and an injection termination stage at F (3), F (4), and the time of P= 0 at the time of 
P= 1. 

[0066] This is inputted into memory E (i). Similarly according to the information by which memory 
was carried out to memory A (i), the controlled variable of a servo motor group and a solenoid-valve 
group is computed, and it puts into memory G (i). 

[0067] Step SI 9: Carry out drive control of the actuators, such as a servo motor group and a 
solenoid-valve group, according to the controlled variable of memory G (i). 

[0068] Step S20: An engine shutdown demand is judged and, in the case of a deactivate request, it 
shifts at step S21, and in not being a deactivate request, it shifts to step S22. 
[0069] Step S21: Set the halt data which set memory E(i) i=l-4 to 0. 

[0070] Step S22: An engine start is judged and, in an engine start, it shifts at step S23, and in not 
being an engine start, it shifts to step S25. 

[0071] Step S23: Set to memory F (i) the data for starting currently beforehand put into memory. 
[0072] Step S24: Drive a starting motor. 

[0073] Step S25: Set the data corresponding to the contents of abnormalities to memory F (i). 
[0074] Next, interruption routine [ of drawing 3 ] ** is explained. This interruption routine ** will 
be performed by the main routine by interruption, if the crank signal of a predetermined include 
angle is inputted. 

[0075] Step SI 1 1 : A timer is set so that interruption routine ** may be performed for every 
predetermined crank angle, namely, so that the interrupt of whenever [ following crank angle ] may 
occur. 

[0076] Step SI 12: Incorporate the pressure data which are whenever [ crank angle / which the 
interrupt generated ], and put into memory. 

[0077] Step SI 13: If the pressure data of all crank angles are incorporated by memory, it will shift to 
step SI 14. 

[0078] Step SI 14: In order to carry out control according to operational status, discernment data are 
judged, when Variable C is 1, control the MBT control routine of step SI 15, when Variable C is 2, 
control the transient response routine of step SI 16, and when Variable C is 3, control the lean 
combustion control routine of step SI 17. 

[0079] Next, interruption routine [ of drawing 4 ] ** is explained. This interruption routine ** will 

be performed by the main routine by interruption, if a criteria crank signal is inputted. 

[0080] Step SI 21 : Since this interruption routine ** is performed once in engine rotation and a 

predetermined crank angle, it measures a period. 

[0081] Step SI 22: Calculate an engine speed. 

[0082] Step SI 23: Set an ignition initiation stage, an ignition termination stage, an injection initiation 
stage, and an injection termination stage to a timer based on the control data of memory F(i) i=l-4. A 
timer starts an ignition and a fuel injection equipment to the set timing. 
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[0083] Next, the target combustion rate of having explained by drawing 2 and drawing 3 is explained 
to a detail about calculation. 

[0084] Drawing 5 is drawing of the map for asking for the target combustion rate according to an 
engine speed and a load. The predetermined crank angle TDC, for example, a top dead center, and 
top dead center TDC- 10 degree, the combustion rate to ... asks by the service condition, and the 
configuration of the three dimensions as which a target combustion rate is determined by a load (Lx) 
and the engine speed (Rx) is shown. The target combustion rate in a predetermined service condition 
(Lx, Rx) is called for as FMB0 (Lx, Rx). 

[0085] Drawing 6 is the graph of the chamber pressure of 1 cycle combustion of a four stroke cycle 
engine. As for an axis of ordinate, an axis of abscissa shows a firing pressure whenever [ crank 
angle ]. The firing pressures P0-P5 in six points of a0-a5 which whenever [ crank angle ] illustrated 
are detected, and a combustion rate is computed based on these pressure values. aO is a bottom dead 
point location (BDC) which moves from inhalation to compression, and is in the condition almost 
near atmospheric pressure, al is after compression initiation and a2 is the crank angle before arriving 
at a top dead center (TDC) after jump spark ignition in S before jump spark ignition. Four points of 
a3-a5 are the crank angles which can be set like the explosion line after a top dead center. A 
combustion rate is computed based on the pressure data of these each point. In addition, in the case 
of the diesel power plant by which jump spark ignition is not carried out, a fuel is injected [ near the 
top dead center ] like FI. It is behind time to be equivalent to the crank angle after [ d ] injection 
initiation, and spontaneous ignition is carried out. The crank angle of spontaneous ignition is set to S. 
In this diesel power plant, control of fuel injection timing is carried out based on the difference 
between a target combustion rate or a target crank angle instead of control of the ignition timing in 
an ignition spark system engine, respectively in an observation combustion rate or an observation 
crank angle. The tooth lead angle and lag control of the injection initiation stage are carried out, and 
an injection termination stage is controlled so that the predetermined injection quantity is secured. 
[0086] Next, the combustion rate explained by drawing 2 and drawing 3 is explained to a detail 
about the control of a combustion rate based on calculation. 

[0087] Drawing 7 is drawing showing the feedback control of a combustion rate based on calculation 
for a combustion rate. Under a predetermined service condition (Lx, Rx), when it lights by ignition 
timing IgT, the combustion rate FMB is surveyed. That is, a predetermined crank angle, for example, 
the combustion rate to -5 times (before a top dead center 5 times), is computed using combustion 
room pressure data, and it asks for the observation combustion rate FMB (Lx, Rx). 
[0088] And ignition timing IgT is amended so that the difference of the target combustion rate 
FMB0 (Lx, Rx) and the observation combustion rate FMB (Lx, Rx) may approach 0. Temporarily, if 
the target combustion rate FMB0 (Lx, Rx) is smaller than the observation combustion rate FMB (Lx, 
Rx), from ignition timing IgT, it will delta-IgT-advance and will light, moreover — if the target 
combustion rate FMB0 (Lx, Rx) is larger than the observation combustion rate FMB (Lx, Rx) — 
ignition timing IgT — deltalgT -- it is made late and lights. 

[0089] Next, the MBT control in interruption routine ** of drawing 3 is explained. Drawing 8 is a 
MBT control routine. 

[0090] The target combustion rate of step SI 15 a:MBT control is memorized as a three-dimension 
map which makes an engine load and an engine speed a variable, and is computed at step S16 in a 
main routine from the target combustion rate map. 

[0091] In the below-mentioned two-cycle engine ( drawing 1 1 and drawing 1212 ), the flueway 
valve is also memorized by memory as a three-dimension map by making two, an engine load and an 
engine speed, into a variable, and is computed from a map based on engine load information and 
engine-speed information. Moreover, whenever [ exhaust air timing (compression ratio) adjustable 
valve-opening ] is memorized by memory as a two-dimensional map by making an engine speed into 
a variable, and is computed from a map based on engine-speed information. 

[0092] Step SI 15a: The firing pressures P0-P5 in six points of a0-a5 which whenever [ crank angle / 
which is shown in drawing 6 ] illustrated are stored in memory, and compute an observation 
combustion rate based on these pressure values. 

Step SI 15b: Control a combustion rate for this observation combustion rate based on calculation. It 
compares as the target combustion rate value of Memory D, and the observation combustion rate 
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value calculated by step SI 15a. 

Step SI 15c: From the comparison result in step SI 15b, amend the ignition initiation stage of 
memory E (1) corresponding to drawing 7 , and input into memory F (1). Moreover, it asks for an 
ignition termination stage based on the ignition period of memory E (2), and inputs into memory F 
(2). 

[0093] And the following control is performed instead of the MBT control routine in drawing 8 . 
That is, the crank angle which serves as a predetermined combustion rate instead of count of a 
combustion rate is calculated, and the observation crank angle value calculated from a pressure is 
compared with a target crank angle. Next, ignition timing control is performed based on a 
comparison result. A fire stage is brought forward the time of the observation crank angle being 
behind the target crank angle. Moreover, it is later ** about a fire stage the time of the count crank 
angle progressing from the target crank angle. 

[0094] A target crank angle is searched for with the map data of drawing 9 . That is, in drawing 9 , 
when target crank angle CRAsO (Rx, Lx) which are setting to target crank angle CRA which should 
reach a predetermined combustion rate, and should reach an axis of abscissa at a load (L) and an axis 
of ordinate to a predetermined combustion rate, for example, 60%, 70%, 80 etc.%, etc. are actual 
engine-speed rpm (Rx) and an actual engine load (Lx), it asks from a map. 

[0095] That is, drawing 10 is drawing showing the feedback control of a combustion rate. Under a 
predetermined service condition (Lx, Rx), target crank angle CRA0 (Lx, Rx) which should reach the 
predetermined combustion rate FMB, for example, 75% of combustion rate, is computed, and 
observation crank angle CRA (IgT) is calculated from pressure data. 

[0096] And ignition timing IgT is amended so that the difference of target crank angle CRA0 (Lx, 
Rx) and observation crank angle CRA (IgT) may approach 0. if observation crank angle CRA (IgT) 
is progressing from target crank angle CRA0 (Lx, Rx) — ignition timing IgT ~ deltalgT — it is made 
late and lights. Moreover, temporarily, from the ignition timing IgT which is behind target crank 
angle CRA0 (Lx, Rx) in observation crank angle CRA (IgT), it delta^IgT-advances and lights. 
[0097] Drawing 1 1 is the block diagram of the two-cycle engine with which this invention is applied. 
Like the four stroke cycle engine of drawing 1 , a connecting rod 246 is connected with a crankshaft 
241, and a combustion chamber 248 is formed between the piston at the tip, and the cylinder head. 
The engine speed sensor 267 and the crank angle detection sensor 268 for detecting the mark of the 
ring wheel with which the crankshaft 241 was equipped, and detecting whenever [ reference signal 
and crank angle ] are formed in the crank case 300. Moreover, the crank room pressure sensor 210 is 
formed in the crank case 300. Air is sent to a crank case 301 through a reed valve 228 from an inlet 
manifold. Air is sent to an inlet manifold from an air cleaner 231 through a throttle valve 204. The 
inhalation-of-air path of the throttle-valve downstream which is open for free passage to an inlet 
manifold is equipped with the inhalation-of-air **** sensor 21 1. A throttle valve 204 is operated by 
the grip 206 connected with the wire 205 through the throttle pulley 203. The edge of a steering 
handle 207 is equipped with a grip 206, and the accelerator location sensor 202 is prepared for the 
root Motobe. 212 is a throttle opening sensor. 

[0098] A scavenging port 229 carries out opening to a cylinder, and a combustion chamber 248 and a 
crank case 301 are made to open for free passage through a scavenge air passage 252 in the 
predetermined location of a piston. Moreover, the exhaust air port 254 carries out opening to a 
cylinder, and a flueway 253 is open for free passage. The flueway wall near the exhaust air port is 
equipped with the exhaust air timing adjustable valve 264. This adjustable valve 264 is driven with 
the actuator 265 which consists of a servo motor etc., the opening location of an exhaust air port is 
changed, and the timing of exhaust air is adjusted. The ******** sensor 213 and the exhaust pipe 
temperature sensor 223 are formed in the exhaust pipe which constitutes this flueway 253. Moreover, 
in a flueway, it drives with the actuator 282 with which the flueway valve 281 consists of****, a 
servo motor, etc. The flueway valve 281 prevents the rat tail blow by by the low-speed area, and 
plans rotational stability. 

[0099] A knock sensor 201 is attached in the cylinder head, and a combustion chamber is attended, 
and it is equipped with an ignition plug and the chamber-pressure sensor 200. An ignition plug is 
connected with ignition control equipment 256. Moreover, a cylinder side attachment wall is 
equipped with an injector 208. A fuel is sent to an injector 208 through the fuel delivery tubing 209. 
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[0100] Moreover, the combustion gas room 279 which is open for free passage into a part from 
exhaust air boat opening of a cylinder bore with the free passage hole 278 in the middle of the part of 
cylinder head approach and an exhaust air port is formed in the cylinder block. This free passage 
hole is set up so that the combustion gas which sets, blows like an explosion line and hardly contains 
gas may be introduced into the above-mentioned combustion gas room. 02 sensor 277 which detects 
the oxygen density in combustion gas is attached in this combustion gas interior of a room. In 
addition, a non-illustrated check valve is arranged at the induction of combustion gas room HE, and 
the discharge section of exhaust air POTOHE, and a reverse direction flow is prevented, 
respectively. 

[0101] Drive control of such an engine is carried out by the control unit 257 which has CPU271. The 
above-mentioned chamber-pressure sensor 200, a knock sensor 201, the accelerator location sensor 
202, the crank room pressure sensor 210, the pressure-of-induction-pipe sensor 21 1, the throttle 
opening sensor 212, the******** sensor 213, the crank angle detection sensor 258, an engine speed 
sensor 267, and 02 sensor 277 are connected to the input side of this control unit 257. Moreover, an 
injector 208, the actuator 265 for exhaust air timing regulator valves, and the actuator 282 for 
exhaust valves are connected to the output side of a control device 257. 

[0102] Drawing 12 is the same graph of a chamber pressure as the above-mentioned four stroke 
cycle engine and drawing 6 to show the point for combustion rate measurement of said two-cycle 
engine detecting [ combustion pressure data ]. As mentioned above, chamber-pressure data are 
sampled whenever [ crank angle / of six points ]. Within the limits of an in [ drawing ] A is a crank 
angle field as for which the exhaust air port is carrying out opening, and within the limits of B is a 
crank angle field as for which the scavenging port is carrying out opening. How to take whenever 
[ each crank angle ] (a0-a5) and the count approach are the same on the above-mentioned four stroke 
cycle engine and parenchyma, are step SI 13 of interruption routine ** of drawing 3 , detect the 
firing pressures P0-P5 in six points of a0-a5 which whenever [ crank angle ] illustrated, and compute 
a combustion rate based on these pressure values. Each example of this invention can adopt what 
supplies combustion with a carburetor. 

[0103] Next, by carrying out feedback control of the ignition timing explains gestalt [ of the 
operation which controls combustion finely further and acquires a good engine property ] (1) - (7). 
[0104] The gestalt of operation (1) 

Drawing 13 is the MBT control routine of the gestalt of other operations. Although it consists of 
gestalten of this operation like control of drawing 8 , the combustion condition that high power or the 
best torque, good startability, good acceleration nature, good fuel consumption, or still purer exhaust 
gas is obtained among a load or an engine speed at least corresponding to one side is acquired, and 
each combustion rate value in two or more predetermined crank angles is acquired in this 
combustion condition (step S21 5a). And while holding each of this combustion rate value in memory 
among a load or an engine speed at least corresponding to one side as map data of two or more target 
combustion rate values to two or more predetermined crank angles, the actual combustion rate to an 
early predetermined crank angle is detected among two or more predetermined crank angles, and the 
comparison with the detection value of this combustion rate and the target combustion rate value to 
an early predetermined crank angle is performed (step S215b). Based on this comparison, when the 
detection value is smaller, a fire stage is set forward, and ignition timing is controlled to delay a fire 
stage the time of the direction of a detection value becoming size (step S215c). 
[0105] That is, as combustion rate data according to operational status, as shown in drawing 14 
thru/or drawing 16 , the target combustion rate data in two or more crank angles are given. For 
example, the target combustion rate FMB01 of the predetermined crank angle (TDC..CRA1) in early 
stages of combustion and the target combustion rate FMB02 of the predetermined crank angle 
(CRA2) of a combustion anaphase are given. Ignition timing is delayed in a spark-ignition engine, 
and an injection initiation stage is delayed by the diesel power plant noting that an ignition stage is . 
early, if the observation combustion rate FMB1 of predetermined crank angle CRA1 is larger than the 
target combustion rate FMB0 1 . 

[0106] Conversely, if the observation combustion rate FMB1 is smaller than the target combustion 
rate FMB01, ignition timing will be brought forward or an injection initiation stage will be set 
forward. 
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[0 1 07] The gestalt of operation (2) 

Drawing 17 is the MBT control routine of the gestalt of other operations. With the gestalt of this 
operation, the combustion condition that high power or the best torque, good startability, good 
acceleration nature, good fuel consumption, or still purer exhaust gas is obtained among a load or an 
engine speed at least corresponding to one side is acquired, and each crank angle value used as two 
or more predetermined combustion rates is acquired in this combustion condition (step S3 15a). Each 
of this crank angle value as map data of two or more target crank angle values to two or more 
predetermined crank angles While holding in memory among a load or an engine speed at least 
corresponding to one side The actual crank angle which reaches a small predetermined combustion 
rate among each crank angle which reaches two or more predetermined combustion rates is detected, 
and the comparison with the detection value of this crank angle and the target crank angle value set 
up corresponding to the small predetermined combustion rate is performed (step S3 15b). Based on 
this comparison, when the direction of a detection value is behind, ignition timing is advanced, and 
when the direction of a detection value is progressing, ignition timing is controlled to delay ignition 
timing (step S3 1 5c). 

[0108] That is, as target crank angle data used as the predetermined combustion rate according to 
operational status, as shown in drawing 18 thru/or drawing 20 , the target crank angle data in two or 
more predetermined combustion rates are given. For example, target crank angle CRA01 used as the 
predetermined combustion rate FMB1 in early stages of combustion (for example, 20%) and target 
crank angle CRA02 used as the predetermined combustion rate FMB2 in early stages of combustion 
(for example, 75%) are given. Ignition timing is delayed in a spark-ignition engine, and an injection 
initiation stage is delayed by the diesel power plant noting that an ignition stage is early, if 
observation crank angle CRA1 of the predetermined combustion rate FMB1 is earlier than target 
crank angle CRA01. Conversely, if the observation combustion rate CRA1 is later than target crank 
angle CRA01, ignition timing will be advanced or an injection initiation stage will be set forward. 
[0109] Furthermore, in what gives the target combustion rate FMB01 of the predetermined crank 
angle (TDC..CRA1) in early stages of combustion, and the target combustion rate FMB02 of the 
predetermined crank angle (CRA2) of a combustion anaphase, it asks for the rate of combustion by 
the comparison with the observation combustion rate FMB1 in predetermined crank angle CRA1, and 
the observation combustion rate FMB2 in predetermined crank angle CRA2, corresponding to 
operational status, and is (FMB2-FMB1)/(CRA2-CRA1). 

the case where the rate of combustion judges with it being later than a target thing by the comparison 
with target rate-of-combustion (FMB02-FMB01)/(CR2-CRA1) called for from a target combustion 
rate — reduction of increase in quantity of** fuel amount of supply, and the amount of **EGR(s), 
strengthening of a flow in ** cylinder, the increment in ** compression ratio, or the rise of ** charge 
pressure — or it combines and carries out. 

[01 10] In increase in quantity of the fuel amount of supply, for example, a fuel-injection type engine, 
it carries out by increasing the drawing area of a main jet in the engine carrying a carburetor with an 
adjustable main jet according to increase of injection time. 

[0111] Reduction of EGR prepares the bypass way which connects a flueway and an inhalatiori-of- 
air path, arranges a closing motion valve (EGR control valve) on the way, makes opening small, and 
the amount of EGR(s) is made to decrease. Moreover, in a four stroke cycle engine, the device (there 
being what makes adjustable the phase to the cam shaft of a drive cam, a thing which arranges the 
spacer of die-length-adjustable control between a cam and a tappet) which makes timing of the 
clausilium of an exhaust valve adjustable is arranged, the timing of the clausilium of an exhaust 
valve is brought forward, and the back flow from the flueway of existing combustion gas is 
decreased. 

[0112] Increase of a flow in a cylinder has some which make the crank case volume adjustable and 
make a primary compression ratio adjustable with a two-cycle engine. If the crank case volume is 
decreased and a primary compression ratio is increased, whenever [ scavenging-air rate-of-flow ] 
will increase, and a flow in a cylinder will be strengthened. Moreover, by preparing an exhaust air 
control valve in a flueway, and controlling an exhaust back pressure, if there are some which affect 
the rate of a scavenging-air style and opening of an exhaust air control valve is enlarged, whenever 
[ scavenging-air rate-of-flow ] will become large, and a flow in a cylinder will be strengthened. 
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[0113] When increase of a flow in a cylinder prepares a throttle valve in the inhalation-of-air path of 
the upstream near the inlet valve in a four stroke cycle engine and makes throttle valve opening 
small, the inhalation-of-air rate of flow is increased, and a flow in a cylinder is strengthened. 
Moreover, by controlling the overlap period which will be in an exhaust- valve-opens condition and 
an inhalation-of-air valve-opening condition, and lengthening an overlap period from a criterion, the 
negative pressure generated near the exhaust valve according to exhaust air inertia is made to act on 
an inhalation-of-air path through an inlet valve, the inhalation-of-air rate of flow is increased, and a 
flow in a cylinder is strengthened. 

[0114] The increment in a compression ratio constitutes some cylinder head walls which form a 
combustion chamber from a movable piston, and is carried out by moving this movable piston to a 
combustion chamber. Moreover, ******** ^ s prep^ed j n a cylinder wall and a closing motion 
control valve is prepared in the down-stream path of this ******** 5 and opening is extracted and it 
carries out. In addition, if the opening of this valve is opened, a compression ratio will lower. 
[01 15] The increment in charge pressure is carried out by raising the rotational frequency of the 
supercharger formed in the inhalation-of-air path inlet-port section etc. 

[0116] the case where the rate of combustion judges with it being earlier than a target thing on the 
other hand — reduction of** fuel amount of supply, the increment in the amount of **EGR(s), 
reduction of a flow in ** cylinder, reduction of** compression ratio, or reduction of** charge 
pressure — or it combines and carries out. 
[0117] The gestalt of operation (3) 

In addition, it sets further to what gives the target combustion rate FMB01 of the predetermined 
crank angle in early stages of combustion (TDC..CRA1), and the target combustion rate FMB02 of 
the predetermined crank angle (CRA2) of a combustion anaphase, corresponding to operational 
status. Comparison result of the observation combustion rate FMB1 in predetermined crank angle 
CRA1, and the target combustion rate FMB01 NO.l, Comparison result of the observation 
combustion rate FMB2 in predetermined crank angle CRA2, and the target combustion rate 
FMB02 .. According to the combustion pattern of 9 of 1-9 shown in drawing 14 thru/or drawing 16 
based on NO. 2, as shown in Table 1, it controls. 
[0118] 
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[0119] Smxombustion rate that a large Egxombustion rate is more nearly equal to desired value 
than desired value from desired value La : Increase in quantity of the smallness +:fuel amount of 
supply, [ a combustion rate ] Reduction of the amount of EGR(s), strengthening of a flow in a 
cylinder, the increment in a compression ratio, rise 0:present-condition maintenance - of charge 
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pressure: Reduction of the fuel amount of supply, the increment in the amount of EGR(s), reduction 
of a flow in a cylinder, reduction of a compression ratio, and reduction of charge pressure, i.e., an 
engine, have a thing called a desirable combustion rate curve in operational status. The combustion 
rate curve which has a crank angle and relation can be expressed in respect of the plurality which has 
two magnitude, a crank angle and a combustion rate, with digital value. In the gestalt of this 
operation, the point of at least 2 periods is memorized by an engine load or an engine pan in relation 
to an engine speed. In order to cover the load and engine speed of all engines, there must be much 
number of sets including the point of at least 2 periods. 

[0120] In order to compare an engine with the ideal curve of the combustion rate beforehand called 
for during one an engine load, an engine speed, and starting corresponding to the operational status 
of the transient middle class, a control unit Calculate based on the pressure value which had the 
actual combustion rate in the same crank angle as the crank angle memorized and the data of a target 
combustion rate sampled, or Based on the pressure value which had the crank angle sampled, it 
calculates by the same combustion combustion as the combustion rate memorized and the data of a 
target crank angle. 

[0121] Supposing the actual combustion rate which burned by the crank angle most preceded in two 
or more crank angles given beforehand is smaller than the target combustion rate memorized 
corresponding to the same crank angle, in the lit engine, ignition timing will be brought forward and 
the fuel-injection initiation stage of an injector will be brought forward in a diesel power plant. This 
is because a combustion rate is influenced rather than the rate of combustion at a combustion 
initiation stage in an early crank angle. Each timing will be delayed supposing the actual combustion 
rate in the same crank angle is larger than desired value. 

[0122] Moreover, if an actual crank angle is overdue to the target crank angle corresponding to the 
minimum combustion rate when each target crank angle which reaches two or more combustion 
rates beforehand is memorized, ignition timing will be brought forward and the fuel-injection 
initiation stage of an injector will be brought forward in a diesel power plant. Each timing will be 
delayed supposing the actual combustion rate in the same crank angle is larger than desired value. 
[0123] The rate of change of the combustion rate to the crank angle which **(ed) change of the 
combustion rate corresponding to two crank angles with the difference of two cranks is computed. If 
smaller than the target rate of change asked for the rate of change in actual combustion from target 
data, it will be judged that the actual rate of combustion is smaller than an ideal burning rate. 
[0124] in order to have sped up the rate of combustion in this table 1, it indicated concretely in the 
gestalt (2) of said operation — as — reduction of increase in quantity of ** fuel amount of supply, and 
the amount of **EGR(s), strengthening of a flow in ** cylinder, the increment in ** compression 
ratio, or the rise of ** charge pressure — or it combines and carries out. 
[0125] moreover, in order to have delayed the rate of combustion in this table 1, it indicated 
concretely in the gestalt (2) of said operation — as — reduction of** fuel amount of supply, the 
increment in the amount of **EGR(s), reduction of a flow in ** cylinder, reduction of** 
compression ratio, or reduction of ** charge pressure — or it combines and carries out. 
[0126] That is, as shown in Table 1, supposing a computer has one set of further 2 periods, a 
computer will compare the combustion rate at the time of the crank angle which was overdue with 
that at the time of a comparison or the advanced crank angle in 2 times of actual combustion rates, in 
order to control combustion initiation timing (ignition timing of a gasoline engine, or injection 
initiation timing of a diesel power plant), or the rate of combustion. 

[0127] The result of this control and actual combustion is close to the combustion which is an ideal 
or a target. In combustion of the ideal, an engine can perform moderation that high performance, the 
stable idling, and engine initiation are easy and rapid accelerated and stabilized and stable 
combustion in which an emergency does not have knocking, either under each engine operation 
condition. 

[0128] The combustion pattern of Table 1 is shown in drawing 14 - Fig. 1616 . The combustion 
pattern of 1-3 is started to early timing. The combustion pattern of 1 is the high rate of combustion, 
and the combustion pattern of 3 is the lowest rate of combustion of the three combustion patterns of 
these. 

[0129] That of the combustion pattern of 5 is an ideal. Although the combustion pattern of 4 is 
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suitable combustion initiation timing, the rate of combustion is higher than a target. Although the 
combustion pattern of 6 is also suitable combustion initiation timing, the rate of combustion is 
slower than a target. The combustion pattern of 7-9 is started to late timing. The combustion pattern 
of 7 and 8 has the rate of combustion higher than a target. 

[0130] The combustion pattern of 9 can be correctly known at the following step. First, the actual 
combustion rate in crank angle CRA181 in the direction of the first is controlled in agreement by the 
target. After controlling combustion initiation timing, a combustion pattern becomes any of the 
combustion pattern of 4-6 to be. Therefore, a computer can know the rate of combustion, in order to 
control above equipment. 

[0131] About the combustion pattern of 7, since it is clearly high, it succeeds the rate of combustion 
in rate-of-combustion control first. Therefore, an actual combustion rate is changed so that a value 
may be brought close to within the limits of a target, or the low limiting point of a target out of 
range. The control to combustion initiation timing promotion is made after control of the rate of 
combustion. 

[0132] About the combustion pattern of 3, the control which a computer starts the increment control 
in combustion speed first again, and delays combustion initiation timing after that is made. 
[0133] It is more effective to control combustion initiation timing changing the crank angle which 
has relation in a combustion rate rather than controlling other equipments. Therefore, in all 
combustion patterns, a computer controls ignition timing by control of the injection initiation stage 
in the ignition timing of a gasoline engine, and a diesel power plant to the beginning, and controls 
equipment besides after that to it first. Since these control is made by turns, an actual combustion 
rate curve approaches a target curve immediately. 

[0134] The computer which a target is given as range and has the range must have data more nearly 
excessive [ at least one ] than the case where it has a point target as described above, but since it has 
the play of this no response, in order that a computer may change continuously neither combustion 
initiation timing nor a rate-of-combustion control device, it is prevented that it will be in the unstable 
operational status which makes a driver unpleasant. 
[0135] The gestalt of operation (4) 

In addition, it sets to what gives further target crank angle CRA01 which serves as a predetermined 
combustion rate in early stages of combustion (FMB1), corresponding to operational status, and 
target crank angle CRA02 used as the predetermined combustion rate (FMB2) of a combustion 
anaphase. Comparison result of observation crank angle CRA1 and target crank angle CRA01 used 
as a predetermined combustion rate (FMB1) NO.3, Comparison result of observation crank angle 
CRA2 and target crank angle CRA02 used as a predetermined combustion rate (FMB2) .. According 
to the combustion pattern of 9 of 1 1-19 shown in drawing 18 thru/or drawing 20 based on NO.4, as 
shown in Table 2, it controls. 
[0136] 
[Table 2] 
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[0137] Increase in quantity Ad: — a crank angle desired value - large Eg: — the smallness +:fuel 
amount of supply from desired value [ De: crank angle with a crank angle equal to desired value ] 
Reduction of the amount of EGR(s), strengthening of a flow in a cylinder, the increment in a 
compression ratio, rise 0:present condition maintenance - of charge pressure : Reduction of the fuel 
amount of supply, In order to speed up the rate of combustion in Table 1 of the increment in the 
amount of EGR(s), reduction of a flow in a cylinder, reduction of a compression ratio, and ****** Q f 
charge pressure it indicated concretely in the gestalt (2) of said operation — as — reduction of 
increase in quantity of** fuel amount of supply, and the amount of **EGR(s), strengthening of a 
flow in ** cylinder, the increment in ** compression ratio, or the rise of** charge pressure — or it 
combines and carries out. 

[0138] moreover, in order to have delayed the rate of combustion in this table 1, it indicated 
concretely in the gestalt (2) of said operation — as — reduction of** fuel amount of supply, the 
increment in the amount of **EGR(s), reduction of a flow in ** cylinder, reduction of** 
compression ratio, or reduction of** charge pressure ~ or it combines and carries out. 
[0139] The gestalt of operation (5) 

Moreover, it is the initial value of the corresponding to load at least fuel amount of supply indicated 
to Japanese Patent Application No. No. 292255 [ seven to ] according to operational status. When 
supplying the fuel to an engine, it has data with the initial value of the fuel amount of supply set up 
so that a lean mixture might be formed in a combustion chamber. The combustion rate in a 
predetermined crank angle among a load or an engine speed [ whether it holds in memory as map 
data of the target combustion rate at least corresponding to one side, and ] Whether the crank angle 
which reaches a predetermined combustion rate is held in memory as map data of the target crank 
angle at least corresponding to one side among a load or an engine speed on the other hand Detect 
the actual combustion rate to this predetermined crank angle, and it is based on the comparison with 
this detection combustion rate and a target combustion rate, the direction of a detection combustion 
rate — smallness — the time — the fuel amount of supply — increasing — the direction of a detection 
combustion rate — size — the time — the fuel amount of supply ~ decreasing — or — Or detect the 
actual crank angle which reaches this predetermined combustion rate, and it is based on the 
comparison with this detection crank angle and a target crank angle. When lean combustion control 
which carries out one fuel amount-of-supply control of whether the fuel amount of supply is 
decreased while the fuel amount of supply is increased while the direction of a target crank angle is 
progressing, and the direction of a detection value crank angle is progressing is carried out, Namely, 
although one control of gestalt [ of operation ] (1) - (3) is carried out when operated by super-RIN as 
an approach for speeding up the rate of combustion by this control, control of the amount of EGR(s) 
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was not carried out but was concretely indicated in the gestalt (2) of said operation — as » increase in 
quantity of ** fuel amount of supply, strengthening of a flow in ** cylinder, the increment in ** 
compression ratio, or the rise of ** charge pressure — or it combines and carries out. 
[0140] For example, when operated by super-RIN, the fuel amount of supply and the flow 
strengthening valve in a cylinder are chosen. On the other hand, when operated under strong ERG, 
an EGR valve, a pumping bulb (overlap), etc. are chosen. 
[0141] The gestalt of operation (6) 

Moreover, in the control approach of of the gestalt (3) of operation, and (4), it becomes as follows 
about whether you make which give priority among control of an ignition stage and the rate of 
combustion. 

[0142] That is, since the direction of an ignition stage (the ignition timing of a gasoline, injection 
initiation stage of a diesel) influences in immediate effect in the relation between a crank angle and a 
combustion rate, feedback control of an ignition stage is carried out previously and control about the 
rate of combustion is performed after that. Moreover, the feedback rate by the difference in the 
response by actuation and frequency can be optimized, and good combustion can be obtained. 
[0143] Or in the case of a transient response (at the time of acceleration), change of the rate of 
combustion by gap of an air- fuel ratio (A/F) causes aggravation of a response, for example. Then, 
the department of ****** is immediately supplied after a transient (asynchronous). However, when 
the volume to cylinders, such as an inlet-pipe injection engine, is large, priority is given to control of 
the rate of combustion by actuation of the fuel amount of supply, if priority is first given to ignition 
stage **** by ignition timing and the effect of fuel increase in quantity begins to appear after that, 
since delay is produced to the effect of fuel control. Thus, the priority of actuation is established 
according to operational status. Furthermore, it is good to carry out feedback control of an ignition 
stage, and control about the rate of combustion by turns. 
[0 1 44] The gestalt of operation (7) 

Moreover, he gives predetermined width of face to a target combustion rate and a target crank angle, 
and is trying for feedback control not to operate at a point in the control approach of of the gestalt (3) 
of operation, and (4). In this case, although double memory capacity is needed for memory in order 
to give predetermined width of face to a target combustion rate and a target crank angle, prevention 
of hunting accompanying [ can play can make a field and ] feedback control by which feedback 
control is not carried out can be enabled by this, and operability improves. 

[0145] One or more target combustion rate data which correspond to one or more crank angles as 
mentioned above, Or it is operational status (maximum output operation) about one or more target 
crank angle data corresponding to one or more combustion rates, the highest torque operation, 
starting operation, acceleration operation, moderation operation, low-fuel-consumption operation, or 
emission operation — every — corresponding to a load or an engine speed, it can memorize in 
memory, and an engine performance can be improved by carrying out feedback control for every 
operational status. 
[0146] 

[Effect of the Invention] As described above, in invention according to claim 1, the actual 
combustion rate to a predetermined crank angle is detected, the comparison with the detection value 
of this combustion rate, and a target combustion rate value — being based — the direction of a 
detection value — smallness — a time — a fire stage — advancing — the direction of a detection value - 
- size — a time — a fire stage — delaying — as ~ Since ignition timing is controlled, it sets in a wide 
range operation region. The operation region, for example, the engine speed, The ignition timing of 
the minimum tooth lead angle when the best torque in a load, a horsepower output, good fuel 
consumption, a pure exhaust gas property, good transient response nature, etc. are obtained can be 
grasped, and feedback control can be carried out so that it may light in the ignition timing. 
[0147] In invention according to claim 2, the actual combustion rate to a predetermined crank angle 
is appropriately computable based on firing-pressure data. 

[0148] In invention according to claim 3, the actual crank angle which reaches a predetermined 
combustion rate value is detected. When becoming the crank angle which was in the direction of a 
detection value based on the comparison with the detection value of this crank angle, and a target 
crank angle value, Advance ignition timing, and since ignition timing is controlled to delay ignition 
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timing when becoming the crank angle to which the direction of a detection value progressed, it sets 
in a wide range operation region. The ignition timing of the minimum tooth lead angle when the 
operation region, for example, the engine speed, the best torque in a load, a horsepower output, good 
fiiel consumption, a pure exhaust gas property, good transient response nature, etc. are obtained can 
be grasped, and feedback control can be carried out so that it may light in the ignition timing. 
[0149] In invention according to claim 4, the actual crank angle which reaches a predetermined 
combustion rate value is appropriately computable based on firing-pressure data. 
[0150] In invention according to claim 5, the actual combustion rate to a predetermined crank angle 
firing-pressure data — being based — suitable — computing — the comparison with the detection 
value of a combustion rate, and a target combustion rate value — being based — the direction of a 
detection value — smallness — a time — a fire stage — advancing — the direction of a detection value - 
- size — a time — a fire stage — delaying — as — The actual crank angle which controls ignition 
timing and reaches a predetermined combustion rate value Based on firing-pressure data, it computes 
appropriately, when becoming the crank angle which was in the direction of a detection value based 
on the comparison with the detection value of a crank angle, and a target crank angle value, ignition 
timing is advanced, and when becoming the crank angle to which the direction of a detection value 
progressed, ignition timing can be controlled to delay ignition timing. 

[0151] In invention according to claim 6, the actual combustion rate to a predetermined crank angle 
is detected in a diesel power plant, the comparison with the detection value of this combustion rate, 
and a target combustion rate value — being based — the direction of a detection value — smallness — 
the time — a fuel- injection initiation stage — advancing — the direction of a detection value — size — 
the time — a fuel-injection initiation stage — delaying — as — Since a fuel-injection initiation stage is 
controlled, it sets in a wide range operation region. The operation region, For example, the fuel- 
injection initiation stage when the high torque in the engine speed and a load, a horsepower output, 
good fuel consumption, a pure exhaust gas property, good transient response nature, etc. are obtained 
can be grasped, and feedback control can be carried out so that fuel injection may be carried out with 
the fuel-injection initiation stage. 

[0152] In invention according to claim 7, the actual crank angle which reaches a predetermined 
combustion rate value is detected in a diesel power plant. So that it advances fUel injection timing 
when becoming the crank angle which was in the direction of a detection value based on the 
comparison with the detection value of this crank angle, and a target crank angle value, and fuel 
injection timing may be delayed, when becoming the crank angle to which the direction of a 
detection value progressed Since fuel injection timing is controlled, it sets in a wide range operation 
region. The operation region, For example, the fuel injection timing when the engine speed, the high 
torque horsepower output in a load, good fuel consumption, a pure exhaust gas property, good 
transient response nature, etc. are obtained can be grasped, and feedback control can be carried out 
so that fuel injection may be carried out in the fuel injection timing. 

[0153] In invention according to claim 8, the actual combustion rate to an early predetermined crank 
angle is detected among two or more predetermined crank angles. So that a fire stage may be set 
forward when the detection value is smaller, and a fire stage may be delayed based on the 
comparison with the detection value of this combustion rate, and the target combustion rate value to 
an early predetermined crank angle the time of the direction of a detection value becoming size By 
carrying out feedback control of the ignition timing, combustion can be controlled further finely and 
a good engine property is acquired. 

[0154] In invention according to claim 9, at least two actual combustion rates to at least two 
predetermined crank angles are detected among two or more predetermined crank angles. The 
change to the crank angle of two or more predetermined target combustion rates comes out 
comparatively, and it is based on the comparison with a certain target rate. When the rate of change 
by the detection value is smaller than a target rate, it is detected as the rate of combustion being 
slow. Increase the fuel amount of supply of en JINHE, or the new mind before the combustion in an 
engine combustion chamber is mixed. The amount of the recycling exhaust gas which is a part of 
existing combustion gas formed in a pre-combustion cycle [ whether it decreases and ] By 
controlling to realize any one of whether the amount of flow in a cylinder of the new mind before the 
combustion in an engine combustion chamber is increased, a compression ratio is increased, or the 
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charge pressure is increased, combustion can be controlled further finely and a good engine property 
is acquired. 

[0155] The inside of each crank angle which reaches two or more predetermined combustion rates in 
invention according to claim 10, Detect the actual crank angle which reaches a small predetermined 
combustion rate, and it is based on the comparison with the detection value of this crank angle, and 
the target crank angle value set up corresponding to the small predetermined combustion rate. When 
the direction of a detection value is behind, ignition timing is advanced, when the direction of a 
detection value is progressing, by carrying out feedback control of the ignition timing, combustion 
can be controlled further finely and a good engine property is acquired so that ignition timing may be 
delayed. 

[0156] In invention according to claim 1 1, at least two actual crank angles which reach at least two 
predetermined combustion rates among two or more predetermined combustion rates are detected. 
The change to the combustion rate of two or more predetermined target crank angles comes out 
comparatively, and it is based on the comparison with a certain target rate. When the rate of change 
by the detection value is larger than a target rate, it is detected as the rate of combustion being slow. 
Increase the fuel amount of supply of en JINHE, or the new mind before the combustion in an engine 
combustion chamber is mixed. The amount of the recycling exhaust gas which is a part of existing 
combustion gas formed in a pre-combustion cycle [ whether it decreases and ] By controlling to 
realize at least one of whether the amount of flow in a cylinder of the new mind before the 
combustion in an engine combustion chamber is increased, a compression ratio is increased, or the 
charge pressure is increased, combustion can be controlled further finely and a good engine property 
is acquired. 

[0157] By invention according to claim 12, by giving predetermined width of face to a target 
combustion rate and a target crank angle, prevention of hunting accompanying [ can play, can make 
a field and ] feedback control by which feedback control is not carried out can be enabled, and 
operability improves. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1/17/2006 



JP,09-250435,A [DRAWINGS] 



Page 1 of 10 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 

3 .In the drawings, any words are not translated. 
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^co>> 7>^^^L, :w^7^^fto«i*nft/h 

zzticxvzb \zmm* * < ®mx* 

[0 0 2 8] f»*« 1 1 &m<D#9l<D=^>iS><D#mi? 



(6) #Msp9-2 5 0 4 3 5 

70 

20 [0 0 2 9] COJ:}^ **OBf*««S»*«>rt^<t 
< t t>2o(7)E)f^^#J'^(-PJiti"5 / >^< H2o^) 

*«rco«f*^a-frs*t5, «M»«*-r^/Mc*5v^T*ris 

[0 0 3 0] »*3S1 2Ul&<DftW<D^i?^<DmWJi 

40 k-rzzk&x-z mum* i^±t^o 

[0 0 3 1 ] 

[0 0 3 2] Hlttw<o»W3ftsafflSix-5«([*«^ 

^2 *<D±&<DisV 
3kisV ^y^y K4 k\z£ V m&ZtlZo *>y>^* 

50 #£*x, a^8fi^7^^W9»Cigfe$ttT^-5o ^ 



(7) 

77 

tfbtlZo is!) >V^y h*4RXf\y]) >#*W>S<Dm^ 
4ffitt«cfta*^^r^y h 6#l^£;ft/0>So 

HP»i:#«#i 7 2fctflR«#l 8#*;h,«xRttfe*x 

tt-e77 2 > 4^K:^tP>J^-cv^s. SMMF2 2f;itt»*jR 
^irvih (02-iryt) 2 5MWiaStyfi2 

So 

[0 0 3 3] ^yy^yK4{:MStyt2 6^g 
* £*u «&#s^i 3 cotaftWa^WW^B l 2fci£ib*L 
S e Sfc, Mtt2 3^fi*j«SBi 2^X«SH^ttjK 20 
fflff-fe^lM 5 Oi&SRttfcjfrSo MM&Si 2lcttJP, 

[0 0 3 4] 1 6 KlfiRfttf 2 0 j&SgMfc 

**t, »«fl E 2 0tt»*MMMF2 8*r^LT«-*«fc:ii 
j££*XS 0 8MMMB*2 sfcttRftl'EE^-feviJ-s 2# 

R«#E*2 8 i#ft*2 2^MLTEGRf 1 5 
2^lt^)tl6o EGRf 1 5 2fctt*J»KfEl 2tCig 

8StlfcEGR»«#l 5 1 ^RltkHSo R^^lf JO 
2 8IC-ttR*C*3 3^ltx7^ y— ^-3 5^gE&t£ 

frSo ^T? y — ^"3 5l:iiRA?S*fi*tyt3 6 # 

So »»*3 3(0^ + ^tt»«*«ISE«3 OdSRJtb 
*U R«JINflE«3 OKI**** 2 9^*$n 

[0 0 3 5] 7 d y 2 9 CH^ o y hy^HSt y 

f"3 1 tfSRI*P>*l, :iD7Ps/ h/UgiS-feV-^3 lfif&J 
ffS&Bi 2Wi«*;h,So K^SWSS3 0Ufr<D»&% 

*g3 3lCftXU>y h/U#ff[HliiK3 7 3ftSR«tfe*L, w <7) 40 

if 3 7 (ctt3lBlftKMftlME# 3 8 ri>Rtf bttr 

v^c if iBiaKBHmis# 3 8 temwms: 1 2fcis&$ 
tuSo k*«3 3rt*ctt\ «a»a»Affl*c** vu- 3 4 

jMttltfcfu »Aa«Ilt«^»SlIi2l:S&*i 

So 

[0 0 3 6] RStiltt 1 6 OPiim# 1 8 *>_L«Wte:tt, 
So -i^Vzct* l 0 5»i^Jffl)^fil 2fc*££*u 51 

ttSo v^ol ^105 jo 



4#PI^9-2 5 0 4 3 5 

72 

w^Ef io4^e>Mu :ot«»ifi o 4ic 
nxm*** i oo^^MMt i o itau £k 

1 0 2Sr^LXjR»^>'^l 0 3KJ; rj&tfsf 
^iHbttSo <i^*Jx.9 9 1 0 5^e>*»Six&^-3^ 
*R»tt, «»JR r> *g 1 0 7 Srii LtW^ >^ i o O 
[H]^^tbSo MM"9f 1 0 7|C|*U=? 3 .U-* l o 6 

So 

[0037] h 2 K^isiscD&mmmvtmmm&ft 

[0 0 3 8] ^fy/S 1 1 : -f — Xj&SfTfcjb 
[003 9] ^fy/S12 : ®A^UStyt3 6 
**e>ORA^»*««, h/HE£ir>if-3 1 rt>ib 

ir^^-2 6^p>o?aa«a x gMscwaa-t >"!M 20^ 

Or^^^yA (i) fc|Etii-So ^v^^Affir 
#S 0 r^Dy H^BI«i:3tv^>lEie»dS*ixa. 

^ ^r*# So 

[0040] 777^8 1 3: =^/U^-T ^4 300 
OFF, ^F[U^(7)7 ( '<>'^^ 7^0N, OF FS. 
OTi^O^^-^^^ yfWON, OFF^O^^ 

>^yB (i) ^iEiii-So 

>f y^4 3tt5R*ffatffio^-f y^-cfcU. 

^ v «:« ^ & n * v ^ r\ « ^hm^mm > ^ >- m 

{l^L^^LSo 

[0 0 4 1] y^S 1 4 : ffjfS^X^T'l 2tCjo>^ 

©, 0), @, ©, ©cmu^y^^a 

Npx MB T (M inimum Advance Ign 
ition for Best Torque) rfrj^lftt 
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13 

[0 04 2] SfeRffi® • • * • * p y h/uBBff (O^b* 
&T^»o^>^>lsllBHR^9f£JK, «x.fi 2 ooorp 

m-5 0 0 0 r pm^fflO^, ^»«S«»J«^ffit« 
[0 0 4 4] jUs^ffi® • - • 3L^^VEHE»*SBf*« 

[0 0 4 5] iltefcflg® • • • si V^>ta**«Bf3fe«[« 

ItWt, '*ERCfc: 5 

[0 0 4 6] SCRUB® • ' • *<<^*4 yfOFFfc 
5VMi*/l";*>f ^fOFF^, ^-V^^ffjfcS?*^ 

[0047] ©Wfccire, 7 7^P_= 1 CO 

^fxy^U 9r£l@IR*riB*.6»&P = 0 
[0 0 4 8] 

[0 0 4 9] C=lcoi:#RcoM^Rc = l 
C= 2CD£ ^RCDjifiR c = 2 
C = 3 CO <h # RCDfitfiR c = 3 

Rc=i<Rc=2<Rc = 3 

[0050] mm<D*'OA'—?'>\z&tfz > cmk4'm 

[0 0 5 1 ] ^fy/S 1 5 : K3HEKfT?M?3&»0> 
S16i:»tTU 3E»C35S4-6(0»-&(Ctt % 7^7 7* 

s 2 oic#^y-r^ 0 

[0 0 5 2] JX^y^S 1 6 : 7 7 ^ P0>ffifcX<5 # > 

£*>co) K<fc*K ^^5?>Hte*XtJ«*Wfca:cfcB« 

fcfco) a>e>#£>, ^tt^ix^y E' (l) , E' 
(2) , E' (3) fCA*x6 0 ^com> P.= li^*TSo 

p_= i (DWr^n. fprfc-fr-f^-ry^s i 7— mj-fZo 
[oo53] mm^tnmm i *m t^nm+zm 
m^M-T Z> & 5 * 9 > * ft & £ -etc«j^ L fdM-cofi]^ 



#11^9 - 2 5 0 4 3 5 

14 

&r&^xmfe<D?7ls?ft (ffjx:fi±^6) *-CO«S«| 

[0054] ^^jE^cox-^fi, 

^7V^fttd*5lt-5«S«^JE*SrttaLT*«)S 0 rco 

* 7^* At fit, «j86art<ojE*^*t>(B:TLT*«ffi 
fcifi<5v^ttlB^I5Hrt"ew^7^^A-e*>0, ffJx.fi 

fcj; 0««*rto«tt^^»adSn±5Ejftlci£<5< fc 
R«WTa*:aT#«[#l 7dSBBi:rBI!ttStt« 

>-^£ a 0teBDCf.I®o-CV^7^ mffifT&<Z>3)J»iT 
&>;ft,fi, BDC^it^6l\ ^J^BDCCOBtjCOP^X 

-Cf±. 112 tc^i-«fc«MB« t°7 h ^T^S £ 1 
»cBE*^fiTL#*P3ftsai< fc rftfc«oTjlM**rt^ 

«a s WA * tiz it#>*:t$m fC^-3 < . P tfM v 

^PfflC5.i, EEJRI^jt&offi^^^ |cB5*S, IP 

f i , SMI P ^ r H f- » « P *s M v ^ ?t X* 

[0 0 5 5] EE«l«±5E*ffirsR:VMi«^^c?E^35StTh> 
tt6 0 IEI1 2^^n^H*PP^ ST'fLfc^y 

Jl-cm e> ^BB*&ir fi^o*A«S^5p^$n-5»M^ 

*x<Dmfflxhzm2<Dmm<D?7>'i?fi me, mi 

^tL5 0 ccom, (*^dHRMtt) frb®mm 

CO^^COf^C0 2 0C0^7>-^^ (H16, Hl2tc*S^T 
ffJx.fi, ^7^^a2a3, fo5V^fi^ 7 a 
2, a 4, fc^VMt^yy^^a 3, a 4^^V>|j:^7 
>^^2, a 5, fc^lMi^7>-^^ a 3 a 5, fe^V^ 
I^7>^a4, a 5) fc*5V*T*«*rtOE*j&S* 
^^tl^), dCO^^.CO^C020C0^7>^^COf^— ^-co 

^ 7>^ft»i*ft«i^*^*S^ 7>^A J: IJffl-Cfc 
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7^?ftmk.\* 5 £^±6D* y ^9 ft |r*3 v^TJBJMrt 

M*L<fiigi6, mi 2<Dnnm<D3: ? ic, ^3om 

>-e^^it^Ji(cfa®-r ^ &!kmi& t fir cog 
Ay-ess 2 (D^rpW^iE^S'J^^ 7 ^&o<sg 3 <omm 
[oo5 6] ^<DXv^mi<Dmmi^ m2<Dmmi 

q x = a + b 1 * (P1-P0) +b2* (P 
2-PO) + - • -+bn* (Pn-PO) X^Ztl 

[0 0 5 7] l^^SJ:^^ qxfiEE;^-* 
Pl-Pnl^L, **X*flE;fcP0&5l^jfcfc<DK, 
b 1 -b nOffi*tr#ftfcfcOi:^ie>R3e*Jxfc3fe»a 

[0 0 5 8 ] |^«Pm i fcjE;^— * P 1— Pnl^L 

[0059] r :r-p o\-±±%j±u-</u(d^ Giui&coJ; 
?lzffl^&BDCj&&<D?7^<?ftm <D&m&EEtiX~ 

£a3~an ( r <7>3Hft«l"CH n = 5 ) "C£>5 0 

[0 0 6 0] roJ:5&«i**-ft5SHS:Jc:'j:5jSI»^ 
<fc 9 ffiNF WT-#^c« ©Bf SO * 7 v * A * "COjRjftM^ 

r co J: 9 frJB v ^ T ^ > ^ > © jftjfcWJW^ffi* 

*V **««*JI»^EGR«y»*tT5»^*tCtt«jijl 



(9) 4#&H¥9-2 5 0 4 3 5 

tef&^S:, KttJfcS&Jfc, Rtt^plS^^S*, POIiBD 

Qx=A/ (K-l) * ( (K+l) /2*AP*AV 
H-K* (P-P0) *AV + V*AP) 
£ LX$iltoZ>Zt&X%Z> 0 

[0 0 6 1] Bfftffi*883ej{S*TOl(8««*W:, 
10 TISl, ^A^cifiv^^^^ftSr^^JE^aiJ^ 

[0 0 6 2] iP^, j^ttffi'frq xHKK^^^Afi 
*-et-*R^.^fR*/^XcojRSx 1 0 0 (%) = (Ql 
+ - • - +Qx) / (Q1+Q2+ - • -+Q 

n) X 1 0 0T^5, 
20 I 0 0 6 3 ] » ±<D J: 5 ftff *#8ifc X V % »f 36<o*« 

tcS^v>T^^ 7 ^ ^ « * x? co*Rifli«l-& «r jE» tc3» ttl 

[006 4]^fy^S17: KA2S*?fi«««, R« 
^TftPo IP^>> KA^«fiKd s i«v^^««SdSffi< ft 

[0 0 6 5] ^T^^S 1 8 : ^^v^^A^f^ xy^y 
lElte»^jCi:^K*JB»sH»WH!*&, S 
^jfe^Sltt^^iy^S l 6T^^^^^E , (i)tcA 
tbt>tbT^6o :MI(^ry7 p s 1 7X##>tzffiJE 
fl^^yA (i) Jc^^ey Sttfc-tJxb^flMH^iS 

^Ji^-eyE (i) tU Mf B m^yE (2) t 
40 t, P = l ©ft «»»T«fMS:F 

(3) , F (4) % P=0^I1 «»BB*fe«F»l, «^ 
«*T«P»S«:E (3) , E (4) \CAti& 0 

[0 0 6 6] Zti*. ^^!iE (i) KA^-rSo (^3^ 

tc. (i) (c^^y ^Hfcita^jEScrf— ^ 

y g ( i ) ica^uSo 

[0 0 6 7] ^xy^S 1 9 : ^UG ( i ) O^J^S 
50 [0 0 6 8] ^^^/^S 2 0 : ^ > i? lh^^co^j^r 
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[006 9] ^fy^S2 1 i^^JE (i) i = l~ 
4*0 birZ&SkT-f&'ty hSrfTfcp. 
[0070] ^rx^S 2 2 : aiv^**' — YtoWfi 

2 5 \Z.#frt* 0 

[0 0 7 1] ^f^S 23 :>^yF ( i ) fC#r@jffl 

ww^ey tcAtt-Cfc-Sx-^Sr-fe^ hi"5o 

[0 0 7 2] ^xy^S 2 4 : *&«HE~* SrWBi" 
[0073] ^7^S2 5 :>^eyF (i) 

[0074] m 3 (Diij&^u— f y©^ov^tlft 

[0 0 7 5] A^s^S 111: gf^* 7 
•fes/ hi-*, 

[0 0 7 6] ^x^^S 112: Lfc^ 7 

[0 0 7 7] ^x^^S 113: ±X<D? 7 >^ ft <OJ£ 

^j&M^ey tc^*9^^tifcf>^^s/^S 1141: 

[0 0 7 8] ^z^/S 114: iSfii^lSlCJ^ £fcfH» 
fS^^y^S 1 1 5CQMBT0J^/U— ^:x<D»Jffll£?Tfc 

v\ ^$fcc&2(DmSte*'r*yy f> s i i 6 coigiSiS^^ 

l l 7 a>«-«jKlft(M«iyv — ^^<oM«p«:tT« 9. 
[0 0 7 9] BB4 0#Ji&^^— ^©t-Ol^Ttfc 

[0 0 8 0] *xs^S 12 1: rcofij&^/i— 

[0 0 8 1] Xf77'S 122: ^^>1sItE&«:tt* 

[0 0 8 2] ^77/5123 :^yF (i) N i = 

**TS»»k ttttHttBML *lt«»T«»««r'fey hi- 
fi. *^r*, -try h^n^^-r m 
m«*eibi-*. 

[0 0 8 3] H2&CfH3-CKnLA:gaijKJKM 

&&nmz^xmmc®.m-rz 0 

[0 0 8 4] 0 5J±3i>s;>lpHEiSS^W^a?CfeS 



(10) 9-2 5 0 4 3 5 

Mx.lf±«TDC, ±5E^TDC-10S, 

• • • ^xco^mm^mm^md $#fc5t>o-c % 

A«f (Lx) t^^Elt* (Rx) ICJ:o-CB«« 

mm&W (Lx, Rx) IC*5*t5B«*ft«-frfiFMB 

0 (Lx, Rx) tlsX#$>btlZ> 0 

[0 0 8 5] H 6 tt4 1 t>f ^ 

^6iE«ltC«P5T5E^ffitt (BDC) TfctK 
fffciEv*ttirefcS. ailiffifflMtM^ifl, 

a 2ttS{C*3V^Ti/c?6.fS^ca. ±*Ej£ (TDC) (Ci^-f 

31 ^ ^ v >r « , ^5 *a(*»jss« 

6 v M*H8fl * 7 ^ * ft i «JB«§W-&fc 5 

MBHttRMHtfiiM • iMWUPSit, *»oi*lt*TBMtJ!r± 
[0 0 8 6] ftic, HI 2 RtfEl 3 -CKW Ltzmmm&t: 

m^cm^<mmm^mm^^^xmm{cmmi-^ 0 

30 I 0 0 8 7 ] @ 7 tt«««^£3(tij < 

7-<— K'<y^M»**iia-C*>5. 0f^Sls*# (L 
x, Rx) (OTX\ ^^^^IgT^Lfc 
»*S«*FMB«r*aJi-S. BP^>, MMf-^ 

(L x, R x) £t5££>6 0 

[0 0 8 8] ^U, l»IIJ^FMBo (Lx, R 
x) £H»j^ii]<S-FMB (Lx, Rx) £<Z>3£#0te: 

40 lilS^FMBo (Lx, Rx) asH9J«MfcW&F 
MB (Lx, Rx) J:»)/hSV^, ^^-f^Vi/I g 
TJ:«PAI gTit^T^i-io 

fJ^FMBo (Lx, Rx) dSHSJJRttW'&FMB (L 

x, Rx) J:«9^:#v^^. jSLikfiJ gTi^A 

1 gTi§< LtMtS, 

[0 0 8 9] ^(C. g]3(7)#|^^-/l--^V®tC^tt5M 
BT*J»ldo^TR91i-5. i8|j:MBT»u-fy 

[0 0 9 0] >^^S 115a: MBT»i» 

50 KM'frri. ^^^^*Wt^v^>EHE*«r*»i:i-5 
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[0 0 9 1 ] ^3*C7)2^>1'^>'^^> ? > (H 1 i&uqn 
12) lc*3^-cte, h^sV is&M t^iy 

[0 0 9 2] ^ry/S115a : II 6 fd^i" ^ 7 >^ 
ftS^Lfca 0-a 5<D6^^i3Jt6*R«lffi*P 0 

^T^y^S 115b: r<OH»J«S«i«*«:Km^»-5# 
xtv^S l l 5 a»cJ:0*«>bns3ISO«S«lfW* 
X^y^S 115c: J^ry^S 115 bTWJttfcJS* 

(1) (D,iS^cBB»i*ffl*:H7fc»«Lr 

IIEU ^^tyF (1) ^Xti1rZ> 0 **VE 
(2) o*AJWWI^S<5v^T^»Tl*^4r**, ^ 
y F (2) — A^i"5 0 

[0 0 9 3] tit, ^8(Cjott^5MBT^J^iyl— ^> 
[0 0 9 4] BW;? 

ctO^^^o iPfe, H9-Clia*lcA« (D 

Sr3&Ktttt£\ «x.«!6 0%, 7 0%, 8 0%f 
tit^f l«^7^«CRAo (Rx, Lx) #H 
^(Oxy>/y(Hl^tr pm (Rx) £ , 'HB©x > ^> 

(Lx) <0»&K:«:, VXtbbtiZo 

[0095] ip*,, mi oi*mBm&<o7 4- v*?* 

WHPSr^-t-H-Cfca. BlfSilte*^ (Lx, Rx) cot 

t^li^yy^^CRAo (Lx, Rx) 
L, &tJ7 f —?frbmffl? y^ffiCRA (I gT) * 

[0 0 9 6] -t IT, II^7y^CRAo (Lx, 
Rx) £11$]* 7^^CRA (I gT) £ coH^Otc 
i£<5< * v^i g TSr«iEi-6o fit-, 

i^^y^^cRAo (Lx, Rx) £.K>mm?9> 

^^CRA (I gT) itm/vX'yt^b&'X*^ \ is? I 



(11) 4#^¥9~2 5 0 4 3 5 

gTJ:DAI gTg< LT^-TS. fitc, 
^7>^^CRAo (Lx, Rx) £ SH®^^^^ 
CRA ( I gT) &mtlX^Z&<kf"( I gTJ; 

0 A I gTigaftT^i-S, 

[00 9 7] ill 2-^^^/W 

|§]«K, *7>-*«l2 4 1 (C&gH*2 4 6^®*g$n, 

4 8«^5 0 ^7^^112 4 1 {zm^ZtltzV is 
10 y^-Yw-f irSWI -S§-*5 <fctf* 7 

^mi-6/c^<7)^>v ? vlHlte^:-fe>'^2 6 7&tf*7 
>^^^ir>^2 6 8#*7>'*4r— * 3 0 OlCfSit 
bixTV>-5 0 ^fc, ? "7^5 >r—^ 3 0 0 Idte^ 7>-* 

^m-fe^-^2 1 oasg2ttib;h/cv^o ^y^3oi 

l:iiR«-rx*/Uh>y- K#2 2 8^lt^ 

ttx7^ y — rz 3 i**e>ffi«t*sjSb*i*. ®<k-^= 

^JEir>^2 1 l flS3g#S*tS 0 ^D^hyu#2 0 4Ji 
20 *U;y hs^y—V 2 0 3^LT7'i't2 0 5Xm&& 
tLti^D y72 0 6{C«t DflkflsStbS. ^y^7 p 206 

f^fry k^2 o 7o»m ^n, -^o 

ffi7ca^T^ir^girVf-2 0 2^(t^ti6 0 2 1 

[0 0 9 8] > y v^tcfifiB^— h 2 2 9 p u 
tr* h ^<oj^{MT?»«iI& 2 5 2 £r;fr Ltiil 2 
4 8 ^7^13 0 1 t £iiii£-£5 0 s^y^ 
y\a*m%tf— H 2 5 4fflP L, #*iiK2 5 3^55 

^-m^^^T^fax-^ 2 6 Stcj; 

f«^l : Si->'1f2 1 3&DW»fiaa[tyt2 2 3^ 

[0 0 9 9] *>y Ktdfi/ 5/^ir>f-2 0 1^ 

>^x^^ 2 0 8^gf ^tl5o ^fy^x^^ 2 0 8(C 

[oioo] ^/c, ->y y^^ns/y >y?KT 

hB8P«B«t!9 ->y K* 9 C0«P»&t5 

hwifc+«»lcaii?L2 7 8 ic: J: 
m#*^2 7 9*s***ixTv^ 0 wOJiii?Lii, »s§ 

50 ^±f2j^«5^^lc*A$H5 «t 5^R^$4^-cv^So 
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[0 10 1] c^J: j ftiy^yiic PU 2 7 l Srtt 

5*ws®2 5 7ia DKnffi*$n6. -*>sj»»« 
2 5 7(DAt)W^i*^ ^<ommMmti^^2 0 0. 

y -/^ir>"^2 0 1 , T^-tr/Mid-fc^l^ 0 2, ?7 
V^^iEir^-^2 1 0, R«ffJE-fe>"^2 11, *ti y 
1 2, 2 13, ^ 7 > 

^SftUtyf2 5 8, xy^Xeiettyf 2 6 7S 
n02±^V2 7 7#SMfc£jh,5, 5 

2 8 2t>mm$hz>o 
to i o 2] mi 2i*«FE2iM' * ^^^^(ommm 

««T-fc5o fc-^^ftS (a0~a5) 

tw«*tttt wa© 4 ^ * >i? > t m«±mz -e 

[U 3 COfiji^A— fy(D^fy/S 1 1 3T\ 
/£*>P 0-P 5^ttJLTrtLbC0EE^{t^S<5^T^ 

[0 10 3] jR*l»ffl«r7-f — hv<y^*JWi-5 

^^Wtt*r»6lt««>»« (1) - (7) Uioy^TRH 
[0104] HlfiO^ffi ( 1 ) 

Eli aiilolM^MBTW^-fvtfca, 

z.(nmi&<DMmx\z, m8<Dmmkmm\zMf&£thz> 

»**PiStt, 5 v^tt* 

S2 1 5 a) B ^LT, r (0#«JS«-&ffiSr, tt^CO^f 

« * ^ > * ft * x-co«»<o b mmMm&mo^ y ^f- 

2 i 5 b) 0 rcoitRKS^, tfcftHtoirdS/hSif^ 



(12) ^jp9- 2 5 0 4 3 5 

22 

c) . 

[0105] w*>, sMBtttiBfcjE ctzmmtfer-* t 

ft«J«lOBf3£^7>^ft (TDC • -CRAl) <7}gg| 
iiffl^FMBoU, (C 
R A 2 ) oa«J»jSS«^FMBo2S:«p^-fr5 a Wfe* 
7^ACRA 1 tOHaj«S^i»I^FMB ldSSS^»J 
70 ^FMBo 1 <fc **#JB*«#V^t LT , 

[0 10 6] iS*fc:jiaj«S«ESij^FMB l*£B«jftttMd- 
FMBo l J: ^^^-^a6fc^v>tiPg 

[oio7] mm<omm (2) 

Ull 7m&^^i£C07T^OMBT^J^U--f 1 -^T*fc^) e 
=[#6 (J^s/^S 3 15a) 0 Z<D&?y ^ftM^, 

mswffife* 7 > * ft * -e^SSo @ « * 7 ft <i:<o 

^j^SfJ^tcPJ^SH^co^^v^ft^^L, rco 
* 7 > * ft o&fcjffi 4 /J> s ftBf «l»«SW*Jc#a: LT1£ 

3 15b) 0 rcoj^R^S-^^, tt*D«<o*jdSiin-CV^ 
(^•^ ^7°S 3 15c) o 

[0108] gp*>, 3»Ettfflfcjci:yhWffi«*«^t* 

V^ft^-^i: LT, Hi 8 75MHI2 0 

(^jKLf^2 0%) FMBU/^1S^7^SCRA 
40 olt, ^^COM^^fl^ (^Jxf^7 5%) FM 
B2t«5l«^7^«CRAo2Sr»t«. 

«»9i*fmb i<Dmm?7>-mcRA i *s@a^7 

v^ftCRAo 1 X D^ttixtf, fjicWf^a 
CRA 1 ^li^^y^^CRAo 1 i ^Kttld jft 

[0 10 9] ^btc, aettlBfcjStT, 

^W^^^^V^ft (TDC • - CRAl) <D&m%& 

50 &iij^FMBo 1 4, mm&M<omfe2 7^?ft ccr 
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A2) (DB&mi&ffl&FMBQ 2 &t$1t'£Zi><OK&^ 

b i tmm* ? >^cr a 2 iz&vznmmmm&F 
mb 2 t<ottma:ymffi&&zx%>. 

(FMB 2-FMB 1) / (CRA2-CRA1) 
(FMBo 2-FMBo l) / (CR2-CRA 1) t<D 

Ltcm&, <$m&m®&<o®&, ©eg <s> 

ffirtSKftoSMb, ®J£ffitt<omil, ®ifli(&E<a±#<D^ 
[0 110] ^{fcl&fiOiifi, «*.«, fl&fMM*** 

[0 111] EGROiS»tt, tt«BK&R*l 
'**B«:Rtf\ ^*fcBBBS# (EGR^J 
«P#) SrBBtSU BSSr/hS<LTEGRft«:8/>t5 

EMU SNft#oH#<z>*^ 5^£*«>, 
[0 112] fSrti«ft0>*i;*:fi, 21^^^/U3i>v?>T* 

#<ft!K «rt*»jMStffc3;h,5. 



(13) f*HV9-2 5 0 4 3 5 

[0 113] fSrt«£SjOii>c«, 4i^-r^yu^^^v^ 
B**:/hS<-*-5r4:icJ:9KmKa«r*t*U ffi^ffi 

9***^5 -tic*!?, #*«ttfcJ:D# 
**iE»»c»&i-« AE*««#«r* LTSWKiitticfls 
JUS*, R*flijj6«:Ji*U ffirt«ttoS»fb£ix<5o 
[0 114] BEttJfcOJtJjDtt, > 
70 h*M<D— &&»imt 0 X h>-C«|fiU dOnTE&t: 0 

Sfc, >^»lcEE«tf?L«:R#, Z^JEiStfTLcDT 
[0 115] fflJf&ffiOifADtt, RjWBBAPftJCRW-fe 

[oii6] — ««*s#b« tjip.^ 

to, <B>ffiftffiW}<Oi&m, ©flE*SJtGH£«, <&&&m<Dl& 

[0 117] *J6tf>«flB (3) 

ft*5^t>ic, aMEttffliciCcr, JftttftMoBr 

(TDC • -CRA1) COBSJRjKfll^F 

mbo 1 1 „ mmmm^mfcty^tfi (cra2) <d 

B«*«l»J-g-FMBo2S:«P^-fr5t)OlC*3V^r. glf3£ 
^y^CRAl tC*5ft5HSJ*R«S«-&FMB 1 £ B 
SMS^FMBo lOttrtH**- - NO. It. ffijg 
^7^^ftCRA2{d*5ft6HaSJ)R«K#J.'&FMB 2 g 
ffiBKM^FMBo 2<&Jfc|MS*- - NO. 2 tlzm<$ 

[0118] 
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^9-2 5 0 4 3 5 
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Sm 
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Sm 


Sm 
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[0119] La : j&jffiM<fr*3 S^fi <t 9 * 
Eg :«jKttetfB*tt&«U^ 20 
Sm :j»flfe«^SgSfiJ; 

0 : 

- : «»«IS*<0jftK EGRfiCQifjD, ffirt8ft»60ig: 

[0120] ^y^xi, looiy^yoASXtJti 

Id, ©JW^^s/htt, IStKSixrv^^^y^ft £ if 
iBttW^OT*-* 4: N 7 v*ft «3ttSS*Ro**8 40 

[0 12 1] tU fft*x.bix-5«»W^7>^ftO 

* -eg t jfetT -r 5 * 7 > * ft i -ck*r#i u fc mm^mm 

®\<&t>K WJC^9^^ft*c#«L-ClES1«SlxfcBaa8«S 



[0122] t L^*««<o«R*«^tcaiai-s 

*ix**L©Bail^7^^ft«rlBltUrv^5»frU:*5V> 
t, i/h«ifJ^lcMt5i8^7y^ft^L, 
HBRo^7^^ftdSiltb6>fc^, ^jk^fflfi^-fcfctu 

«4tBH*&«Ffflds^.«>bix-5, fcU 1*1 7 >-^ft fc*? 
[0123] 2<><n?9>?fi\zttfci-ZMmm'&<nm 

[0124] ^<Dmi-?mmmm&m#>zta^ striae 
m<omm (2) ic**ttfcE*ufcj: 5ic<»»*mi«&* 

[0 12 5] tfc, ^©*lt?jll8Jft*ft«riIfe-&S^ 

mmmm<Di&m (2) icftftt^ffi«^fc*5i-a> 

*IWWe*0>i*'>. ®EGRftC7Dtf*D, (BffirtttftOffi 

[0 12 6] IP*?, tu 3Vfa-^^Sioj:5l: 
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[0 12 7] r©»J»t|IWoJ(8jS)|wje*ttaStL< 
It g S3 Id 4 o X v > 5 «R jffi I c 5E v > 0 * <£>31©o$$S lc *s v > 

[0 12 8] »10«S«S^^-^oV>fttiai 4-*H 
1 6 lC*i\ 1 — 3^^^^-Vli-P-V^-f ^ >^T* 

[0129] 5<Di&ms<* -><Dtfmm>x*hz> 0 4<om 
nti^o 7 i 8<DMm^*->i*3m£ r> hmmms. 

[0 13 0] 9 <Dm%£'*? ~ >\^<D^v-^y-VlEm^ 
feisr i:^T*t5o *i\ lO*^^7^ftCRA 
1 8 l-C^*»<0«t«S«*W[B«"C— Si" S«t5«c»J» 

T, =^tra.-^r±±1B©*ll*r«1Wi-*fcJ?)tcJE:«>j|(8 
[oi3i] 7 -^khltwu «&#§iiflw s 

iSM^wi, *«»*&^-<^v^ffiaiic#i-5«iij 



(15) »B8¥9-2 5 04 3 5 
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[0 13 2] 3 0«Sjfi|^^-V(CB8UTfi, nyfrt- 

[o 1 3 3] mmm^*-* ^^^^mm-t^^t^ « 

to ici-^r <nmt&'< * - >-icio v = > t° ^ - * y 

5£<S< 0 

[0 1 3 4] -LfBKELfcifc!), Igttjlittt^ 
20 *fctBK:4 6 z i rtSKlL £ HS 0 

[0135] mM<Ditm ( 4 > 

£WJ^ (FMB1) ^/i5@«^7^ftCRAo 

li, ««ft»90Bf£ieSEg«^ (FMB2) 

J^f'J^ (FMB1) i:^5*«^7^ftCRAUI 
S^7V^ftCRAo 1 iOit«fe* NO. 3i. 
BffS«S«§f>J-& (FMB2) t*5jSi^7^ftCRA 
2 i S«*7V**CRAo 2 iOJfc»JS* • • NO. 
30 4 itcg-5#[g|l 8 7!;^IEi2 0 fc^i" 1 1 — 1 9 CO 9 CO 
— ^IZJ&C* m2<DX 5JC»J»i-So 
[0136] 
[^2] 
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[0 1 3 7] Ad : ?9>'?'&&nmw.£ v± 

Eg : ?7>*fk&B9W.tWi> 20 
De : ^7^*A#B«ffiJ:9/h 

+ : flf^SKIIlOSft 

0 : a«#sj* 

- : EGRiOigJlO, ffirtSMftflMg; 

(2) (c*frW^SE*Ufc<t5f-(I)«»«»fio*SS, 
©EGR*offi«, ®ffirt«E»£>»fl^ ©EEffiifcOit 

[0 13 8] ro*l # "CJIS«*K*rJlfe-&S»c: 
tt, ffifa£tt<a&tt (2) *cA«cWlcE«LfcJ:5l-© 
*fc»flW&*<o«<K ©EGRficQifJn, <8>ffirtSEMi0>ffi 

^ v > kua^ r mm 
[oi3 9] nao^i (5) 

iHEtttt^J: 0, #H*F7-2 9 2 2 5 5 **CBB 



she $*xs mm<omm cd — o) ovv-r 

^fc^co^-ife^LT, EGR*^*1ipr±j|fc-fri\ itufS 

mmmm (2) fc*frttfcfE«Lfc £ 9 {c©^^ 
[0140] mz-iz. m»->xmfc$frx\,^m&ic 

&v^ERG(Z>t>£T*51<te£ftT^5»^li, EGR/^ 

[0141] mm<Dwm (6) 

mfecDj^ffi (3) , (4) <Dfamjfmzis\,*x s 

[0142] ip^, (# y y ^ojSt^cB*ffl, 7 s 

[0 14 3] fc*V>tt v «*tfiS»S**>»& (#0ig 
0#) fcfl, £j&J* (A/F) oi**ifc**j»«i£ft<7>a? 
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vs^fcifs/y ^*-c*>#y 

[0 14 4] |Mfc<Z>»ffiS (7) 
$Jt, *JEO».j» (3) , (4) 0»J«l*»JC*5lr^-C, 

1 lb* wig a c k&x*zmmm&fa±i-z 0 

[0 14 5] £X±<D£ ?\ZL1^1h&WtW&<D?7^? 
[0146] 

[oi4 7] w'**2«a*o*w-ew:, Bf*^7^A 

[0 14 8] »#*3«E*t*>38W"Ctt, M5SiRSfcffl£Hfi 



(17) 4$H¥9 - 2 5 0 4 3 5 

- b*'< * * SB*-*-* r t 5 0 

[0149] tmm4um<D&wx\^ mjmmw&it 

[0 15 0] W#«5fB*<DS8W-m, Wife* 7 >P A 

[0151] |»*3«6«B««>J8WT?tt, r-f-f>xy 

[0 15 2] »*al7ia«0*W-CW:, y^^— if/^^ 
^^l, r:(7)^ ^^^^oo^^DMi: BMP? 

[0 15 3] »*«8Ei©|8W-eii, IS^O^^^^ 

[0154] 9 R««>*W"ett, ^fC^^f^^ 7 

50 >?1$<Dft<J?f£< t\>2KDlft'fc2 v ^ ? ft^X<D')?t£ 
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mmiiffl&<o * 7 ^ * ft **fls«>«*-c* 5 a «t 

[0 15 5] nmmi OIStt^JBM-Cfi, 1S*COj?f5£8& 
j^f^ciiJjft-S^^^ft^ft, /h*ftBf3e*SSW 

ft (om&m t /h S fcBf 3£«S«S«*lc»j6 L TIS:^ $ ttfc 

[0 15 6] llEttO^gWT'tt, a»Ogf3£*R 

?Mc&\,*TBi&£tiz>m%&Mtfx<n— nx&zwmm 30 

[0 15 7] St3ft«l 2lB*W>»WCtt, BflMBtttt 
£\ S * 7 > * ft (c^^I^fc-tt 5 r. <t T\ :7.f- 
5/ * *J»^Hib $ tuft v^iBt«i«*rff 5 Ct^t 

k-FZZk tfX*mim&fo±irZ 0 40 

im2] ^>v><o&mmfc&m<Dfflffl&?f? * << 

— ^><oyu— J--? — hxhz> 0 

[0 3] fi|i&^/u— ^>®£r^-tig-C*>5 0 
[0 4] Mi4^-f>®t*tH'e*>5. 

ins] ^>is>®fe&Rxfi&mzi&ctzEMmmm& 



^¥9-2 5 0 4 3 5 
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[El 6] 4^^/U^V^^Oj^jSSl^^/VO^^ 

[08] MBTM;u-fy-cfc5o 
£r tf> 5 fc $> <d ^ y y <d 0 X h S o 

[0io] *««**jrffl^*^<***«*©7-f — k 

[mil] z<D&mmmztiz2i}-<<(?/i'^>i?^<D 
m&mxhZo 

[012] 2Vo< ?/^>z?>>cot& bJU?ftmv>tcisb<D 
M)&E.^—?Wifo&&7F-ftzib<D^ $j\s=c- 

[013] te^HSco^SoMB T9J«;u-f y-cfe 

So 

[014] ^fto^^^^ftfcfcNtSBSiRjKSil^— 

[0i 5] m&<D*7>*ft\c&tf%nmmmm&T- 
* &mc^znm<Dmm&$iw-t-z>mx3bz 0 

[016] St©^ 7 SSMSiJ^r- 
[0 17] M<DnM(DB1&<DMBT mm^— flsXlb 

So 

[018] m%L<Dffij£j&mm&i£&rtzBm?7i'i?ft 
[019] n^co^^sij^tci^itses^^^^ft 

[020] *ft Ojm&mttt Ki*»t 5 B m ? 7 V ? ft 

[W^R^] 
l 
9 

10 y >?*c-y 

1 1 ^^^ft-tr^U- 

1 2 fflWKB 

1 3 

2 5 (O 2 -fervid) 

2 6 i&ft-fev^ 

3 1 *n y h/UBHffi-fe^f- 
3 2 KfttfEE^ir^iJ- 

3 4 HMftAKAfflfti-fev* 

3 6 RAa*iWt 
105 ^fyc/i^^ 

10 6 U^rx u ^ 

120 »««ias-fev* 
1 5 0 *«eaflE-t>* 



-18- 



(19) 4#BB¥9-2 5 0 4 3 5 
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